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BUFFINGTON,  H  c — Fundamentals  of  Tractor  Engine  Design 

A  study  of  the  number  of  cylinders  from  the  standpoint  of  sim- 
plicity and  operation  for  tractor  use.  The  author's  conclusion,  based 
on  the  latest  tests  and  in  line  with  the  most  modem  practice,  can 
be  briefly  summarized  as  follows: 

The  four-cylinder  engine  is  found  to  be  the  most  adaptable  and 
economical,  in  every  way  best  suited  to  the  work. 

A  two  or  three-bearing  crankshaft  (preferably  the  three-bearinsr) 
with  a 'stress  not  to  exceed  12,000  lb.  per  sq.  in.,  and  an  explosion 
pressure  of  300  lb.  is  recommended.  The  crankpin  diameter  of  the 
bearings  should  be  about  57  per  cent  of  the  cylinder  bore  and  the 
length  1.2  of  the  crankpin  diameter.  The  stress  on  the  front  bear- 
ing should  not  exceed  400  lb.  per  sq.  in.,  on  the  center,  400  lb.  and_on 
the  rear,  250  lb.,  taking  the  center  of  the  -bearings  for  point  of 
reaction. 

The  removable  head  should  have  a  liberal  ^ater  Jacket  and  even 
thickness  of  combustion  chamber  walls.  The  parting  line  -of  the 
head  should  be  slightly  below  the  piston^  The  stroke  should  be 
long,  about  1.4  times  the  bore.  In  calculating  the  flywheel  dimen- 
sions the  horsepower  should  be  doubled  and  allowance  made  for  a 
10  per  cent  variation  in  speed.  The  speed  should  be  governed  so  as 
to  be  held  within  about  10  per  cent  above  normal.  The  placing 
of  the  spark-plug  should  have  careful  attention. 

On  fuel  not  under  42  deg.  Baum6  and  with  open  flash  point  not 
over  120  deg.  fahr.  a  consumption  of  one  pint  per  hp.  hr.  should  be 
allowed.  The  engine  rating  on  kerosene  should  not  be  over  76  per 
cent  of  the  maximum  capacity  on  gasoline,  based  on  800  ft.  piFtoi;) 
speed.  Control  of  the  heat  used  on  the  intake  manifold  and  of 
water  used  with  the  fuel  should  be  automatic. 

Until  a  better  system  of  using  kerosene  as  fuel  is  employed, 
fresh  oil  should  be  supplied  for  lubrication  to  all  moving  parts  and 
the  used  oil  drained  from  the  crankcase.  Hand-holes  should  be 
made  in  the  crankcase.  Light  base-pans  should  be  arranged  to  be 
easily  removed,  and  no  small  nuts  should  be  used  in  out  of  the 
way  places.  Clearance  should  be  provided  underneath  the  engine 
on  all  sides.  Tractor  parts  should  not  be  fastened  to  the  engine 
bolts,  especially  on  the  cylinder  head.  Flexible  couplings  should  be 
provided  between  the  clutches  and  the  transmission  shaft.  208 

(Discussed  by  Barthel.  Davis,  Lewis,  Lille  and  Slonneger) 

CARLSON,  a  w — Design  of  Military  Truck  Axles 

The  War  Department  selected  the  worm  gear  type  of  rear  axle 
for  Class  B  axles  because  of  production  conditions. 

The  governing  note  for  the  new  designs  was  sturdiness  and  sim- 
plicity. An  illustration  of  the  success  of  this  attempt  to  reduce 
fleld  repair  work  in  all  possible  ways,  is  the  Class  B  axles,  particu- 
larly, which  have  three  bearing  sizes  only  on  front  and  rear,  the  front 
inner  bearing  interchanging  with  the  worm  bearing,  the  rear  wheel 
bearings  being  alike  and  interchanging  with  the  different  bearings, 
and  the  front  wheel  outer  being  the  only  odd  size.  The  f roht  carries 
only  one  size  of  acrew,  thirty -four  of  tnese  being  used.  In  the  rear 
the  only  right  and  left-hand  parts  are  the  wheel-spindle  units  and 
the  brake  anchors.  Brake  levers,  brake  shafts,  phaft  brackets  and 
toggles  are  all  interchangeable. 

The  Class  A  and  Class  B  front  axles  are,  except  for  proportionate 
dimensions,  the  same.  The  regular  Elliott  type  was  chosen  because 
of  the  opportunity  it  presented  of  bringing  the  pivot  centers  close 
to  gage  line,  and  oecause  it  is  a  simpler  manufacturing  proposition. 
So  far  as  possible  in  this  work,  S.  A.  E.  materials  and  heat  treat- 
ments were  used. 

The  knuckle  pin,  with  oil  lubrication,  is  an  unusual  feature. 

Class  AA  front  axle  is  of-  simple,  passenger  car  type.  Particular 
attention  was  paid  to  lubrication,  which  is  with  grease  throughout 

The  brakes  are  side  by  side  and  are  made  of  rolled  stock,  toggle- 
operated,  24-in.  diameter  and  2^ -in.  wide.  Since  the  War  Depart- 
ment permitted  a  24-in.  diameter  the  problem  was  merely  one  of 
designing  a  brake  easy  of  adjustment  and  of  disassembling  or 
relining.  The  toggle  brake  in  this  instance  was  given  preference 
because  it  made   accurate  forming  of  bands  and  machining  nn- 
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necesBary*  The  objection  raised  on  account  of  the  rattle  is  a  sec- 
ondary item  when  the  brakiner  power  available  is  considered. 

All  bearings  are  tapered  roller  except  the  internal-arear  spur 
pinion  and  the  wheel  bearings  on  the  Class  A  truck,  which  are  of 
straight  roller  type.  The  manufacturers  making  the  internal-gear 
axles  recommended  this  practice  on  the  ground  that  failure  to 
adjust  would  cause  a  misalignment  of  the  gears. 

Oilers  and  grease  cups  have  been  omitted  wherever  possible  and 
pipe  plugs  substituted.  All  nuts  of  large  diameter  and  fine  threads 
are  case-hardened. 

The  internal-gear  type  was  selected  for  the  Class  A  rear  axl^ 
because  of  available  manufacturing  facilities  and  hieh  ground- 
clearance.  The  countershaft  is  placed  in  the  rear  of  the  load- 
carrying  member,  which  simplifies  assembling  and  secures  lighter 
weight     Class  AA  rear  axle  is  of  the  full-floating  passenger  car 


Man 


any  line  drawings  of  unusual  value  illustrate  the  various  points 
made  by  the  author.  For  such  special  features  as  the  brake  system 
and  the  worm  gear  separate  drawings  were  made.  12.^ 

CLABK,  COL  V  B — Types  of  Military  Airplanes 

It  will  be  America's  part  in  the  aircraft  program  to  select  from 
the  many  types  deveroped  by  the  Allies  those  that  will  best  lend 
themselves  to  production  on  a  large  scale.  Standardization  means 
fewer  types  and  greater  numbers  of  machines. 

Airplanes  are  needed  for  three  purposes — observation,  combat  and 
pursuit,  and  destruction  and  harassment  Special  types  there  will 
always  be  but  these  need  not  complicate  the  situation. 

Bombing  operations  provide  practically  all  the  real  damage  it  is 
possible  for  an  airplane  to  inflict  upon  the  enemy.  Day  and  night 
bombers  are  differentiated  and  discussed  as  to  details  in  type, 
limiting  weight,  powerplant  and  fuel,  bomb  capacity  and  minimum 
man-power. 

The  author  sees  in  the  slow-flying  night  bomber  the  means  for  a 
continuous  and  unrelenting  attack  on  every  point  of  strategical 
importance  behind  the  lines  of  the  enemy.  Even  consistent  bomb- 
ing of  factory  towns  would  end  the  war  surely  and  quickly.  91 

CLARK,  w  (^^Lubrication  of  Tr<ictor  Bnginea 

Many  systems  and  combinations  of  systems  are  used  in  tractor 
engine  luorication.  The  author  treats  only  of  that  part  of  the 
subject  which  has  to  do  with  the  engine,  dwelling  especially  upon 
the  relation  of  lubrication  to  carburetTon  and  ignition  and  upon  the 
importance  of  proper  selection  of  oil. 

The  method  of  oiling  should  be  determined  by  the  type  of  engine 
and  its  class  of  service.  When  apparently  suitable  oils  have  been 
selected  they  should  be  subjected  to  careful  laboratory  and  field 
teats.  An  explanation  of  the  cold,  friction  and  power  tests  is  given* 
the  factors  determining  efficiency  being  clearly  stated. 

The  author  closes  with  these  significant  words:  "The  problem  is 
one  of  cooperation  among  gas  engine  engineers,  ignition  and  car- 
bureter makers  and  oil  refiners.  Kesearch  and  development  must 
be  carried  out  in  conjunction  with  designing."  445 

(Discussed  by  Buffington,  Clark,  Dasey,  Fortner,  La  Schum. 
Mahoney  and  Plimpton) 

COPLAND,  A  w — Transmissions  for  the  Class  B  Truck 

The  Government  asked  for  volunfecrs  from  the  S.  A.  E.  mem- 
DOTS  to  go  to  Washington  and  design  two  sizes  of  military  trucks. 
The  Class  B  truck  was  needed  first  and  engineers  were  instructed 
to  adopt  one  design  only  for  each  detail  part  to  the  last  screw,  bolt 
and  nut  So  much  preliminary  work  had  been  done  in  previous 
meetings  of  the  Transmission  Division  of  the  S.  A.  E.  Standards 
Committee  that  the  main  features  of  the  new  design  were  quickly 
decided  upon.  The  gears  and  the  countershaft  were  practically  the 
only  parts  not  changed.  The  B  transmission  is  of  the  amidships 
tsnpe  with  fcntr  speeds  forward  and  one  reverse.  The  main  shaft 
and  countershaft  are  placed  in  a  horizontal  plane  with  the  idler 
gear-shaft  above  and  to  the  left,  looking  from  the  rear  forward. 
The  horizontal  type  was  adopted  in  order  to  get  the  ground  clear- 
ance specified.  18  Inches,  below  the  transmission  at  a  point  midway 
between  the  front  and  rear  wheels. 

Although  the  units  of  the  Class  B  truck  were  designed  by  separate 
groups,  the  different  groups  kept  in  close  touch  with  each  other  and 
tha  result  is  a  truok  of  balanced  design     Th«  Class  B  transmlasioB 
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is  in  no  sense  a  oompromiBe  design.  Bach  part  of  the  design  had 
practically  the  unanimous  apprpyal  of  the  transmission  engineers 
on  the  job,  and  in  most  cases  represents  successful,  current  prac- 
tice. It  Is  confidently  expected  to  give  a  good  account  of  Itself 
under  the  most  trying  conditions  on  the  battle  front  Throughout 
the  whole  design  8.  A.  £.  standards .  were  used  Just  as  completely 
as  they  were  available. 

The  line  drawings  used  make  a  valuable  addition  to  the  paper, 
although  actual  working  dimensions  are  not  given.  To  the  drawuigs 
on  control,  however,  some  figures  are  added.  136 


CORSE,  w  M — Worm  Gear  Bronzes 

Interesting  facts  are  given  on  the  history  of  bronse  and  its  re- 
lation to  worm  gearing  together  with  references  to  the  best  work 
done  on  the  mechanical  side  of  the  problenL  The  hour-glass  and 
straight  typea  of  ^Krorm  gearing  are  compared,  special  reference 
being  made  to  the  Use  of  different  bronses. 

The  properties  of  phosphor  bronse  and  aluminum  bronse  are 
given,  and  cooling  curve  diagrams  of  each  alloy  are  shown.  The 
chill  castings  of  pno8pho^  bronse  are  described  and  their  advantages 
enumerateoT  Microphotographs  of  both  phosphor  bronse  and 
aluminum  bronse  are  shown.  The  special  properties  of  aluminum 
bronse  with  reference  to  its  use  in  worm  gearing  are  given,  and  a 
table  of  physical  properties  of  aluminum  bronze  is  added.  234 


DRAN,  B  w — Fuel  for  Automotive  Apparatua 

The  paper  deals  with  the  relation  between  the  industries  of  auto- 
motive  engineering  and  petroleum  refining,  with  particular  reference 
to  the  fuel  problem.  The  three  general  methods  in  use  for  the  pro- 
duction of  gasoline  are  discussed. 

(1)  Simple  distillation  from  crude  oil 

(2)  Separation  of  liquid  fractions  from  natural  ga8 
(3-)  Cracking  of  hlgh-boIling  petroleum  products 

Characteristic  physical  and  chemical  properties  of  the  three 
types  of  products  are  mentioned  and  gasoline  marketed  at 
present  are  compared  with  those  in  use  several  years  ago.  It  If 
shown  that  well-refined  motor  fuels  of  the  newer  types  are  of  ex- 
cellent quality,  even  though  they  lack  some  of  the  desirable  prop- 
erties of  the  "high  test"  gasolines  formerly  in  general  use.  The 
change  has  been  made  necessary  for  purposes  of  economy  and  con- 
servation of  natural  resources. 

Probable  future  developments  in  the  automotive  fuel  situation  are 
discussed.  Alcohol  apparently  will  not  be  important  until  the  more 
distant  future.  Coal-tar  distillates,  which  probably  wilt  be  utilised 
as  motor  fuel  after  the  war,  are  limited  in  quantity.  Oil  shale  is 
a  promising  although  as  yet  undeveloped  source  of  supply.  Petroleum 
resources  must  be  used  to  better  advantage,  even  though  new  sup- 
plies of  crude  are  discovered.  Refiners  must  Increase  their  yields  of 
gasoline,  and  automotive  engineers  must  design  engines  that  will 
use  fuels  of  a  wider  range  of  volatility.  Cars  should  be  produced 
with  the  idea  of  giving  maximum  service  per  unit  quantity  of  hiel 
consumed,  even  if  it  prove  necessary  to  sacrifice  such  qualities  ar 
luxury  in  use  and  maximum  speed.  143 

DOBLE.  ABNER — Electrically  Controlled  8teafn  Automobile^ 

In  the  early  nineties  a  wave* of  progress  spread  throughout  the 
Continent  England  and  the  United  States,  which  started  -  the  de- 
velopment of  the  internal  combustion  engine  as  well  as  the  electric 
motor  for  road  vehicles.  During  the  early  development  of  auto- 
mobiles even  the  long-established  prestige  of  the  stationary  steam 
engine  seemed- to  be  somewhat  in  Jeopardy.  Much  attention  wa,». 
given  to  the  perfection  of  a  gas  engine  for  stationary  plants.  All 
this  was  natural  yet  from  many  points  of  view  unfortunate,  and 
the  author  claims  that  steam — the  most  fiexlble  and  most  depend- 
able source  of  power — should  keep  its  place  and  popularity  in  the 
rapidly  extending  industrial  possibilities  of  the  power  propelled 
vehicle.  The  results  of  ten  years  of  experimental  work  are  admir-  * 
ably  condensed  in  the  paper.  In  turn  the  steam  generator,  the 
ignition  system,  the  construction  of  the  engine  and  its,  lubrication 
are  discussed.  The  advantages  of  steam  power  are  clearly  stated 
and  a  table  of  performance  Is  added.    The  author  then  studies  hi 9 
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subject  from  the  point  of  view  of  the  manufacturer,  under  the  war- 
development  idea  of  quantity  production.  S88 
(Discussed  by  Brown,  Castle,  Emory,  Gibson.  Schlesinger,  Stur- 
^esSp  Thayer,  TlUson  and  Warren) 

DUNBAM.  OEOBOB  w — pTtBidential  Addre99 

28 

OOLDBBBGKR,  aRNEST — Bconomio  Size  of  Farm  Tmctw 

A  comparative  analysis  of  the  cost  of  plowing  with  small,  medium 
and  large  sLse  tractors  is  presented  and  plotted  on  charts.  This 
analysis  is  based  upon  the  following  terms:  Purchasinsr  cost  1600 
for  small,  11600  for  medium,  |3,600  for  large  size  tractor;  one 
operator  for  either  small  or  medium,  two  operators  for  the  large 
sise  tractor ;  same  fuel  cost  per  hp.*hr. ;  complete  depreciation  of 
machines  after  4500  hours  of  plowing;  6  per  cent  on  the  undepre- 
ciated value  of  the  outfit  for  interest  and  repairs. 

The  chart  showing  the  plowing  cost  in  dollars  per  acre  for  any 
number  of  acres  plowed  per  year,  leads  to  the  following  con- 
clusions : 

(1)  The  cost  of  plowing  increases  rapidly  with  decreasing  acre- 
age. 

(2)  The  four-plow  tractor  is  more  economical  than  the  two-plow 
where  more  than  240  acres  have  to  be  plowed  per  year,  six  inches 
deep,  or  more  than  180  acres  per  year,  eight  inches  deep. 

(8)  One  or  two  four-plow  tractors  are  more  economical  than  one 
eight-plow  tractor  under  any  conditions  of  use. 

If  the  proportion  in  the  purchasing  price  of  two  to  four-plow 
•tractors  is  greater  than  the  one  assumed  (600:1500),  the  four- 
plow  tractor  figures  out  the  more  economical  even  on  farms  with 
much  less  than  240  acres  of  plowed  land. 

Furthermore,  the  advantage  of  completing  the  plowing  early  and 
quickly,  and  ability  to  do  all  the  belt  work  on  the  farm,  the  modern 
movement  toward  intensive  farming  and  deeper  plowing,  the  in- 
creasing difficulties  in  the  competition  between  the  very  small  grain 
farm  and  the  larger  and  more  economical  farm  unit,  all  indicate 
that  the  fcrar-plow  tractor  is  the  probable  standard-size  farm 
tractor  for  the  near  future.  S97 

OEBBR,  K  R — Tractor  Power  Syetem 

A  tractor  power  system  includes  all  the  power  transmitting  parts 
from  the  engine  to  the  ground,  and  to  a  pulley  for  belt  work.  There 
is  very  little  uniformity  and  much  difference  of  opinion  among  engi- 
neers as  to  what  constitutes  correct  practice.  Attention  is  called 
in  the  paper  to  important  items,  such  as  traction  members,  the 
type  of  final  drive,  distribution  of  weight,  protection  of  parts  and 
bearings,  and  this  is  followed  by  a  discussion  of  each  gear  reduc- 
tion, in  turn.  The  transmission  as  a  whole  is  a  series  of  com- 
promises, each  part  being  affected  by  the  design  of  the  other  parts. 

220 

(Discussed  by  Davis  xuid  Trask) 

OURNBT,  F  w — Some  FundamentaU  of  Rotting  Support 

The  essential  thing  in  rolling  actions  is  stationary  contact — ^no 
slippage.  Movement  should  take  place  only  where  there  is  no 
contact 

The  basic  elements  of  bearings,  either  ball  or  roller.  ar«  the 
outer  and  inner  race  rings  and  the  rolling  elements,  which  may  be 
either  balls  or  various  kinds  of  rollers.-  The  paper  reviews  the 
characteristics  of  these  different  types,  and  the  advantages  and  dis- 
advantages of  each.  As  rollers  have  an  apparent  advantage  in 
"line  contact"  over  the  "point  contact'*  of  balls,  the  validity  of  th# 
"line  versus  point  contact"  argument  is  examined,  and  the  alleged 
weakness  of  point  contact  discussed.  With  proper  raceways  the 
term  "point  contact"  is  a  misnomer.  According  to  the  author  raee« 
ways  can  be  made  to  give  ample  areas  of  contact  to  carry  any  loads 
that  maar  be  Imposed. 

The  dlfflcttlties  Incident  to  misalignment  Imperfect  contact  and 
dlppac*  Are  discussed,  as  slippage  under  metal-to-metal  contact 
eanses  great  friction.  Alignment  difficulties  however  do  not  apply 
to  ball  bearings,  since  there  is  neither  alignment  nor  misalignment 
to  a  ball.  The  remarkable  accuracy  and  physical  perfection  of 
bftUs  are  due  to  the  process  of  quantity  manufacture,  the  sphei^ 
being  self-determined. 
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The  advantasres  realized  in  load  support  by  various  degrees  ot. 
race  curvature  are  explained.  It -is  said  that  by  close  race  .contour - 
the  ball  bearing  can  be  made  the  equivalent  of  the  roller  bearing  in 
contact  area,  and  this  without  incurring  the  embarrassments  inci- 
dent to  aligrnment  and  misalignment.  293 
(Discussed  by  Crawford,  Gallup,  McComb,  Moskovics,  Ricker 
and   Smith) 

ILLMER,  LOUIS — Heat-Flow  ThroiHfh  Cylinder  Walia 

A  research  study  into  the  speed  limitations  imposed  upon  high- 
duty  internal-combustion  engines  by  excessive  heat-flow  through 
the  cylinder  walls. 

Excessive  heat-flow  raises  the  temperature  of  the  bore  and  head 
walls  unduly,  and  this,  in  turn^  leads  to  lubricating  and  cracking 
troubles.  It  is  shown  that  large  bore  engines  reach  their  limiting 
bore  temperatures  at  comparatively  low  rotative  speeds  and  that 
large  high-speed  engines  are  likely  to  suffer  seriously  from  destruct- 
ive heat-flow  effects. 

The  determining  factors  which  control  heat-flow  are  shown  to 
be:  (a)  temperature,  (b)  rotative  speed,  and  (c)  relation  of  volume 
to  cooling  surface.  Formulas  are  presented  wnich  aid  in  determin- 
ing heat-flow  quantitatively,  and  a  method  is  developed  for  analyz- 
ing critically  the  design  characteristics  of  any  normal  gas  or  oil 
en^ne  for  heat-flow  effects. 

From  a  study  of  speed  limits .  taken  *  of  numerous  engrines  in 
various  kinds  of  commercial  service,  the  desirable  bore-temperature 
limit  is  found  to  lie  between  400  and  450  deg.  fahr.  The  mainte- 
nance of  the  same  bore  temperature  in  all  sizes  of  engines  necessi- 
tates a  reduction  in  the  heat-flow  rate  with  increased  bore  dimen- 
sions. With  this  as  a  basis,  the  maximum  rotative  speeed  can  be 
rationally  predetermined.  The  most  suitable,  "safe."  speed  limit 
for  any  given  kind  of  engine  is  dependent  upon  the  character  of  the 
service  for  which  it  is  intended.  For  continuous  heavy-duty  demands, 
the  stipulated  .speed  limits  must  be  reduced  by  a  certain  multiplying 
factor  to  provide  a  suitable  margin  of  safety  against  excess  wear 
and  fatigue  of  the  cylinder  parts. 

The  combined  temperature  and  pressure  stress  set  up  in  a 
cylinder  wall  is  also  analyzed  and  formulas  deduced  fqr  estimating 
it.  The  proper  thickness  of  cylinder  wall,  such  as  will  best  insure 
against  cracking,  is  likewise  given. 

The  author  points  out  that  the  heat-flow  rate  through  the  bore 
wall  can  be  materially  reduced  by  the  use  of  a  relatively  large  cool- 
ing surface  per  unit  of  volume.  Such  ample  cooling  surface  provides 
for  a  b^'tter  distribution'  of  the  Jacket  heat  offtake  and  is 
especially  effective  in  the  case  of  large  bore  engines,  whicdl  are 
innerently  restricted  in  this  respect.  The  skilful  manipulation  of 
this  factor  .should  lead  to  further  improvement  in  internal-combus- 
tion engine  design  and  allow  large  engine.s  to  run  at  piston  speeds 
heretofore  deemed  prohibitive.  162 

LANDis.  MARK  H — ShocJc  Abaorheva  for  Easy  Riding 

The  paper  deals  with  shock  absorbers  used  with  automobile 
spring  suspensions   to   secure  easy  riding. 

The  general  design  of  spring  suspension,  considered  first,  covers 
the  following  factors:  flexibility  of  spring  mountings;  weight  of 
car :  percentage  of  unsprung  weight ;  spring  rates ;  range  of  spring 
movements ;  interleaf  spring  friction ;  range  of  movement  of  front 
spring  and  control  of  spring  recoils. 

Shock  absorbers  are  de.scribed  and  illustrated  under  three  gen- 
eral classes,  auxiliary  spring,  compression,  and  recoil  damping. 
The  various  designs  in  each  class  are  criticized,  with  a  view  to 
showing  their  limitations  and  possibilities. 

The  conclusions  as  reached  by  the  author  seem  to  denuind  a  soft, 
flexible  spring  suspension  with  a  large  range  of  spring  movement 
and  with  the  hydraulic  recoil  damping  type  of  shock  absorber.     474 

(Discussed  by  Blackledge.  Carter,  Farnham,  Flentje,  Lieba6,' 
Waterman  and  Watson) 

MiLBRATH.  A  F — Design  of  Class  B  Truck  Engine 

The  author  describes  the  designing  of  the  Class  B  military  truck' 
engine  by  the  corps  of  engineers  assigned  to  this  work,  and  shows 
in  detail  the  development  of  the  plans. 

It  was.  required  to  develop  an  engine  with  n  torque  output  of  at- 
least  2800  In-lb.,  which  was  necessary  to  give  the  tractive  factor 
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b'i'e-determined  for  this  truck.  The  normal  speed  of  1060  r.p.m. 
had  also  been  fixed,  as  well  as  an  approximate  speed  of  1500  r.p.m. 
for  maximum  horsepower.  The  prime  requisitions  for  this  engrine 
were  liberal  bearinsr  surfaces  and  ample  proportions  In  all  parts, 
in  order  that  repairs  would  be  needed  at  infrequent  Intervals  only, 
even  under  the  severe  conditions  imposed  by  military  service. 

With  these  limitations  the  piston  displacement,  stroke-bore  ratio, 
valve  sizes,  compression  ratio  and  other  proportions  were  worked 
out.  The  crankshaft  stresses  and  bearine  pressure  were  carefully 
calculated.  The  oilingr  system  was  specially  designed  to  meet  this 
service.  Provision  was  made  for  draining  the  sediment  frequently 
without  drawing  oft  all  the  oil. 

Performance  curves  made  from  tests  of  one  of  these  engines  are 
given ;  these  show  that  the  results  desired  were  more  than  realized 
in  the  completed  engine.  115 

MODiNS,  ARTHUR  B — Principles  of  Tractor  Bnffine  CooUitff 

Many  factors  other  than  radiator  size  are  Involved  in  engine 
cooling,  and  the  author  discusses  in  turn  the  radiator,  air  velocity 
and  fan  power  requirements.  His  explanation  of  the  radiator 
covers  heat  to  and  from,  heat  equivalent  in  horsepower,  exhaust 
loss  and  radiation  and  convection  losses.  Average  tractor  engine 
economy  in  the  use  of  gasoline  Is  one  factor  In  the  nroblem. 

The  author  gives  in  conclusion  a  formula  for  raalator  sizes  and 
recommendations  for  water  circulation,  air  velocity  and  fan  details. 

435 

MOWRY,  J  L — Fuels  for  Tractor  Engines 

The  present  demand  for  a  low-grade  fuel  is  making  serious 
trouble  for  both  manufacturers  and  users.  The  fact  that  kerosene 
is  not  an  engine  fuel,  in  no  way  affects  the  determination  to  use  it. 
There  are  more  users  of  kerosene  than  there  are  burners  for  this 
troublesome  fuel.  Only  12  per  cent  of  the  tractor  users  in  Minnesota 
bum  gasoline. 

The  results  of  laboratory  tests  are  presented,  showing  that  the 
hot-spot  manifold  is  more  promising  tnan  other  types. 

The  farmer  is  willing  to  pay  for  a  good  machine,  but  expects  it 
to  bum  the  fuel  for  which  it  is  advertised.  He  wants  also  a  light 
machine,  but  at  present  he  cannot  get  one  that  will  burn  kerosene. 

Of  all  possible  future  fuels  for  tractors,  the  fixed  gas  is  the  most 
promising.  464 

(Discussed  by  Andrews,  Bennett,  Clark,  Couse,  Crandall,  Greer 
and  Whitney) 

MOTifR,  AMOS  F — Rolling  Resistance  of  Tractor  Wheels 

The  work  done  in  rolling  a  wheel  a  given  distance  must  be  equal 
to  that  expended  in  depressing  the  soil  over  the  same  distance.  A 
bed  of  freshly  tilled  soil  in  which  conditions  could  be  duplicated  for 
repeated  tests,  and  a  stationary  dynamometer  to  measure  the  pull 
required  to  move  loaded  wheels  by  means  of  ropes,  prepared  by  the 
experimental  engineering  department  of  the  University  of  Minne- 
sota, formed  the  basis  of  the  detailed  studies  and  experiments  which 
the  author  summarizes  in  his  paper.  It  was  soon  discovered  in 
these  tests  that  velocity  was  the  disturbing  factor  in  proving  the 
equations,  and  some  very  interesting  curves  are  shown  to  illustrate 
this  point  The  author  feels  that  proof  of  the  laws  which  exist 
between  the  quantities  involved  will  be  of  the  utmost  assistance 
when  supplemented  by  actual  field  data.  405 

(Discussed  by  Morelius,  Scarratt  and  Seaton) 

MYERS,  CORN1SLIU8  T — Chassis  Design  of  Class  B  Motor  Trucks 

The  paper  gives  a  short  r6sum6  of  the  preliminary  work  done  by 
members  of  the  Society  of  Automotive  Engineers  on  the  Class  A  and 
Class  B  standardized  Liberty  motor  truck  chassis.  The  design  of 
the  Class  B  chassis  is  then  explained  in  detail,  and  a  comparison 
made  between  the  specifications  as  first  drawn  and  those  finally  em- 
bodied in  the  approved  design. 

The  general  design  and  the  guiding  factors  in  the  accepted  design 
are  given,  together  with  a  short  description  of  the  principal  fea- 
tures and  the  methods  of  mounting  the  various  units  in  the  chassis. 
A  plan  and  side  elevation  of  the  chassis  are  given  also,  and 
analysis  diagrams  showing  the  interrelation  of  the  various  quan- 
tities in  the  author's  'tractive  factor"  formula  as  applied  to  this 
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particular  chassis.  The  effect  of  modiflcatioDB  of  these  QuantltlM 
on  the  performance  of  the  truck  is  explained,  as  are  figures  actually 
applied  to  the  truck.  104 

GETTING,  o  w  A — Effects  of  Cold  Temperatures  on  Starting 

A  summary  of  tests  made  of  the  starting  of  different  automobile 
engines  to  determine  approximately  the  power  required  to  crank 
any  size  of  engine  at  a  temperature  of  10  deg.  fahr.  The  results 
are  given  in  terms  of  the  piston  displacement  of  the  engine. 

The  effects  of  low  temperature  on  starting  engines  are  numerous 
and  so  variable  that  it  would  be  difficult  to  make  any  theoretical 
calculation  to  determine  them.  The  data  given  in  this  paper  were 
secured  by  testing  in  a  refrigerator  at  the  desired  temperatures  In 
such  a  way  as  to  approximate  cold  weather  conditions. 

The  minimum  size  of  storage  battery  for  the  satisfactory  crank- 
ing of  automobile  engines  is  given.  The  illustrations  show  the  sixss 
of  battery  in  terms  of  piston  displacement  on  various  sizes  of  en* 
gines  and  also  as  determined  by  the  results  of  these  investigations. 

248 

(Discussed  by  Cook,  McG<k>rge,  Scaife  and  Strickland) 

SCARRATT,  A  w — &€ar8  for  Tractors 

The  service  demanded  of  tractor  transmissions  is  continuous  and 
unusually  severe  as  compared  with  that  demanded  of  automobile 
transmissions.  For  this  reason  careful  Judgment,  good  engineering, 
high-class  material,  accuracy  and  the  best  of  workmanship  are 
absolutely  necessary,  if  service,  light  weight  and  maximum  efficiency 
are  to  be  insured. 

Gears  should  be  made  of  high-grade  material  and  be  accurately 
machined  and*  carefully  heat-treated  in  order  to  obtain  maximum 
values  of  physical  properties.  They  should  also  operate  contini|- 
ously  in  oil  in  dirt-tight  housings. 

Cast  iron  gears  should  be  eliminated  and  a  20-deg.  stub  tooth, 
similar  to  that  outlined  by  Charles  H.  Logue,  adopted  as  standard. 
Gear  faces  should  be  of  ample  width  and  proper  hardness  to  Insure 
safe  surface,  pressures  and  reasonable  wear. 

The  allowable  stress  curve  of  the  Iiewis  formula  should  be  re- 
plotted  to  make  it  more  closely  applicable  to  high-grade,  heat- 
treated  steels.  The  value  of  factor  (T)  in  the  Lewis  Formula 
should  be  revised  to  give  true  value  for  a  standard  20-deg.  stub 
tooth. 

Data  should  be  obtained  giving  definite  values  to  the  wearing 
qualities  of  S.  A.  E.  steels  in  the  treated  condition  when  working 
under  maximum  safe  surface  pressures.  422 

(Discussed  by  Andrews,  Bufflngton,  Greer,  Hatfield,  Krieg.  Mc- 
Donough,  Moyer,  Nead  and  Young) 

scHKLL,  c  A — Flexible  Fabric  Universal-Joint 

Under  the  headings,  life  of  flexible  fabric  Joints,  use  with  Hotch- 
kiss  drive,  class  AA  i^ilitary  trucks,  propeller-shaft  Joints,  lubrica- 
tion, bolts,  disks  and  diameters,  the  author  gives  information  con- 
cerning a  universal-Joint  made  up  of  fabric  disks. 

The  assembling  and  manufacture  of  a  fabric  Joint  disk  is  illus- 
trated and  tests  and  examples  are  given.  Experiments  with  differ- 
ent types  of  washers  are  described  and  comparisons  made  between 
three  and  four-arm  types  of  spiders.  Internal  flange  types  of 
coupling  are  touched  on  and  some  flgures  given  on  the  service 
obtained  from  pioneer  assemblies,  whipping  and  vibration  and 
their  elimination  are  discussed.  The  author  explains  fully  the  use 
of  the  flexible  fabric  Joint  with  the  Hotchklss  drive.  304 

(Discussed  by  Crawford,  McComb.  Meyers.  Mott.  Padgett,  Reeser. 
Smith.  Thoms  and  Vest) 

SCHIPPBB,  J  mDWABD— Present  Requirements  of  the  Automobile  Vmt 

The  consumption  of  metals  by  the  war  has  reached  such  a  stags 
that  conservation  of  metal  in  commercial  industries  has  become 
highly  necessary.  Fortunately,  the  tendency  in  automobile  design 
has  also  been  in  the  nature  of  metal  conservation  as  a  means  of  re- 
ducing weight,  thereby  securing  economy  of  materials. 

The  public  is  demanding  an  efficient  car  in  which  every  inch  of 
wheelbase  will  be  utilized  and  return  a  high  percentage  of  riding 
comfort  and  space,  and  every  unit  of  horsepower  will  be  utilised 
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• 

lor  {propulsion.  The  trend  is  toward  a  smaller  car  of  less  weiffht 
of  car  per  pound  of  passenger  weight  and  higher  output  per  pound 
tn  every  direction,  whether  it  be  engine,  transmission  system  or 
body.  266 

(Discussed  by  Strfekland  and  Williams) 

SCHIPPBR,  J  BDWARD — Reccfit  Trcfida  in  Automobile  Design 

War  has  turned  an  X-ray  on  the  automobile  industry  with  the 
result  that  only  as  a  unit -of  eflflcient  transportation  can  the  auto- 
mobile be  considered  as  a  wartime  commodity.  According  to  the 
author,  the  records  of  the  automobile  show  that  as  an  efficient 
transportation  medium  it  falls  short  of  wartime  requirements.  In 
spite  of  the  great  progress  we  have  made,  we  have  as  yet  no  real 
wartime  cars. 

Modern  tendencies  have  happily  been  along  the  proper  lines  and 
show  increased  use  of  overhead  valves,  shorter  wheelbase  with  the 
same  amount  of  body  space,  detachable  cylinder  heads,  better  cold- 
weather  starting,  clutches  with  fewer  adjustments,  and  the  In- 
creased use  of  forged  parts. 

The  paper  is  Illustrated  by  charts  showing  graphically  the  trend 
of  design  over  the  period  of  the  last  eight  years.  277 

STRATFORD^  c  w — Standard  Specifications  far  Lubricating  Oils 

This  paper  is  a  result  of  the  aid  given  by  the  Bureau  of  Stand- 
ards. Bureau  of  Mines,  the  Army,  the  Navy  and  the  Council  of  Na- 
tional Defense,  and  of  the  author's  knowledge  of  internal-combus- 
tion phenomena  and  his  experience  In  the  art  of  refining  oils. 

For  years  engineens  have  been  hoping  for  some  measure  of  an 
oil's  value  as  a  lubricant  in  a  particular  service.  The  great  war 
has  given  an  opportunity  to  study  the  problem  under  the  auspices 
of  the  Government,  which  has  made  it  possible  to  develop  this 
contribution.  51 1 

STRITE,  o  T — Fundamentals  of  Tractor mDesign 

To  any  one  who  has  attended  the  annual  demonstrations  for  the 
last  five  years  the  movement  toward  one  genera]  type  of  tractor  Is 
very  apparent.  While  there  will  of  course  always  be  special  ma- 
chines for  special  uses,  the  general  trend  Is  unmistakably  toward 
two  t>i;>es,  the  wheel  and  the  tracklaying.  The  wheel  tractor  has 
come  back  to  almost  the  identical  design  of  the  first  tractor  really 
made  and  sold.  It  is  however  smaller  in  size  and  refined  in  detail, 
developed  Into  a  satisfactory  farm  and  manufacturing  utility. 

In  this  general  trend  are  included  such  fairly  constant  factors  as 
higher  speed  and  lighter  weight  In  -this  connection  the  author 
Introduces  two  tables,  one  showing  the  several  factors  affecting 
tractor  design :  the  other,  the  characteristics  of  ten  well-known 
makes  of  tractors.  Already  in  some  few  makes  the  practical 
limit  between  weight  and  drawbar  pull  in  pounds  seems  to  have 
been  reached.  It  takes  practically  the  same  power  to  pull  two 
plows  at  three  miles  per  hour  as  it  does  to  pull  three  plows  at  two 
miles  per  hour,  but  there  Is  a  srreat  difference  in  the  traction  re- 
quired, the  latter  demanding  83  per  cent  more  traction,  either 
more  weight  or  more  surface  on  the  ground.  Long,  sharp  effective 
lugs  increase  traction,  but  they  also  absorb  power  and  increase  the 
relative  difference  between  drawbar  horsepower  and  the  engine.  In 
the  future,  there  must  be  a  practical  limit  set  on  horsepower  in 
relation  to  weight. 

From  now  on  the  work  on  the  tractor  will  be  a  matter  of  refine- 
ment and  development.  The  future  standard  tractor  is  not  work 
for  the  inventor,  but  requires  good  sound  practical  engineering.  ' 

(Discussed  by  Dasey.  Davis,  Goldberger.  Horning,  Kettering  and 
Monahan)  196 

HTUROBSS.   JOHN--T/K'    Case  for   the   Steatn   Car 

The  title  of  this  paper  clearly  conveys  the  character  of  the 
author's  argument.  At  the  outset  he  frankly  recognizes  the  thought 
uppermost  Tn  the  mind  of  the  average  engineer,  "Why  should  steam 
cars  be  built  r' 

Direct  answers  are  given  to  this  question,  the  first  being  that 
full  cognisance  of  the  aims  and  laudable  progress  of  gas-car 
manufacturers  has  been   one  of  the  strong  incentives  to  the  con- 
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tlnued  construction  of  steam  cars,  based  on  the  conviction  of  steam 
car  advocates  that  the  goal  toward  which  gas-car  builders  are  obvi- 
ously striving  can  never  be  attained  with  internal-explosion  engines. 

The  article  proceeds  with  a  technical  comparison  of  the  funda- 
mental engineering  featiA-es  of  both  steam  and^as  cars,  and  defines 
the  term  '"reserve  power/*  The  features  that  appeal  directly  to  the 
motorist  while  operathig  his  car  are  dealt  with  in  detail,  being  fol- 
lowed by  those  considerations  that  concern  the  motorist  in  his 
capacity  as  owner. 

The  rest  of  the  article  covers  the  constructional  and  operating 
features  of  engine,  boiler  and  burner,  outlines  the  steps  that  have 
been  taken  leading  to  the  adoption  of  the  present  types,  and  closes 
with  an  earnest  warning  to  the  Industry  to  give  careful  thought 
to  the  author's  contention  "that  steam  is  not  only  the  shortest,  but 
indeed,  the  only  route  to  automobile  perfection."  357 

(Discussed  by  Brown,  Castle,  Emory,  Gibson,  Schlesinger,  Thayer. 
Tillson  and  Warren) 

TRASK,  CHARLBS  A — Tr<iotor  Friotion  Tranamiaaiona 

Under  the  headings,  power-transmitting  capacity,  application  of 
pressure,  slippage,  operating  speeds,  design  and  installation,  the 
author  has  covered  the  problems  in  friction  transmissions,  illus- 
trating them  with  charts  and  formulas.  The  difflcultles  in  practical 
application  and  some  misconceptions  on  the  part  of  engineers  are 
brought  out  and  discussed. 

Under  friction  transmission  types  the  application  of  the  so-called 

friction  type  to  a  number  of  tractors  and  industrial  locomotives  is 

explained  and  well  illustrated.  320 

(Discussed     by     Briggs,     Crawford,     Gallup,     Hamerstadt     and 

Weldely) 

WARRXN,  PHB8O0TT — Pioneer  Automobile  Development 

The  author  holds  that  steam  is  the  logical  power  for  automobile 
propulsion,  since  it  is  the  only  power  that  meets  the  variable-speed 
variable-load  requirements  of  wheeled  traffic  naturally.  Not  only  is 
the  performance  of  the  steam  car  superior,  but  the  constructional 
and  operative  means  by  which  it  is  attained,  are  vastly  simpler. 

The  first  automobiles  were  steam  cars,  burning  hard  fuel.  Liquid 
fuel,  discovered  half  a  century  ago,  made  possible  the  getting  of 
"power  direct  from  fuel"  by  exploding  it.  The  plan  seemed  feasible 
and  caught  the  engineering  fancy  of  the  day.  The  cycle  then 
seemed  simpler  than  the  steam  cycle,  but  is,  in  fact,  more  complex, 
when  delivery  of  power  to  the  wheels  is  considered. 

Following  the  lead  of  the  engineers,  the  public  came  to  accept  the 
internal-explosion  engine  as  the  correct  and  final  type.  The  author 
contends  that  this  assumption  on  the  part  of  makers  and  public 
alike,  arises  from  the  fact  that  both  have,  broadly  speaking,  totally 
ignored  the  steam  car,  which  yields  the  very  performance  that  the 
public  is  demanding  and  the  makers  are  trying  hard  to  give — that 
is,  simplicity  of  construction:  simplicity  of  functions,  simplicity  of 
control  without  gearshift  or  clutch ;  and  with  instantaneous  response 
to  the  driver's  will.  Above  all,  it  gives  a  sense  of  security  and 
mastery.  This  performance,  the  author  contends,  can  be  had  onlv 
with  steanL  879 

VINCENT,  MAJOR  J  o — Reoaona  Behind  the  Liberty  Aviation  Engine 

Last  spring  the  Gk>vemment  had  before  It  the  problem  of  decid- 
ing on  an  aircraft  program.  There  was  no  engine  in  this  country 
developing  enough  power  to  satisfy  requirements  at  the  front. 
Abroad,  the  manufacturers  did  not  have  a  type  with  which  they 
were  satisfied.  It  was  decided  to  design  a  completely  new  engine 
and  have  this  manufactured  In  t^uantity  from  Government  drawings' 
and  specifications.  On  June  4th  the  author  and  Major  Hall  were 
ordered  to  produce  ten  sample  engines.  The  first  was  ready  for 
inspection  in  twen^-one  days. 

Around  this  brief  statement  the  author  tells  the  story  of  the  now 
historic  Liberty  engine.  Operating  possibilities  and  the  mechanical 
details  of  construction  are  covered  to  some  extent  al.so  by  the  paper, 
although  the  reasons  Influencing  the  engineering  choice  and  the 
pro  and  con  of  arguments  have  chief  attention.  The  exceptional 
and  vfvld  interest  of  both  engineers  and  manufacturers  in  this 
preation   for  such  it  must  be  called— is  clearly  brought  out. 

(P|fn90Me4  hy  Qlark  and  Crane)  96 
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ZIMMERMAN,  J  G — Magneto  IgniiUm  for  Farm  Tractors 

The  main  object  of  the  paper  Is  to  show  several  Important  changes 
necessary  in  tractor  design  to  secure  the  best  service  conditions  as 
regards  the  magneto.  The  paper  emphasizes  the  need  of  great  care 
and  skill  in  installing  the  ignition  equipment  so  that  best  advantage 
may  be  taken  of  the  electric  current  generated  to  secure  both  ac- 
curacy of  firing  and  uniformity  of  sparks  in  each  cylinder. 

The  features  brought  out  comprise  in  substance  the  following: 

iLccurate  firing  Is  essential  to  oest  power  output. 

Wiring  must  be  uniform  in  character  so  that  there  will  be  no 
lag  of  spark  due  to  different  capacities  of  different  cables. 

Metallic  conductor  tubes  weaken  the  "kick"  or  breakdown  voltage 
at  the  spark-plug.  Cables  bound  too  closely  together  have  the 
same  effect. 

The  roark  requirements  for  good  ignition  are  a  snappy  kick  volt- 
age and  a  rapid  follow-up  arc,  together  with  accurate  spacing  for 
the  firing. 

The  best  energy  in  the  spark  Is  obtained  when  the  plug  gap  cor- 
responds to  maximum  watt^  developed  by  magnetos.  This  is  roughly 
the  gap  that  will  require,  at  the  compression  used,  a  kick  voltage 
equal  to  one-half  the  kick  voltage  developed  by  the  magneto  on 
open  circuit  at  the  speed  considered. 

The  make-and-break  spark  usually  has  more  energy  than  the 
Jump  spark  obtained  from  magnetos  of  the  same  dimensions.  This 
type  or  spark  has  a  greater  follow-up  intensity  also,  resulting  in 
a  greater  total  igniting  power  for  differently  ignited  fields.  The 
disadvantage  lies  mainly  in  the  relative  bulkiness  of  parts  required 
and  the  necessity  for  moving  parts  through  cylinder  walls.  The 
main  difl!iculty  as  to  spark  value  Is  that  the  spark  is  not  of  the 
same  snappy  character. 

The  position  of  a  magneto  is  a  matter  of  great  Importance,  since 
it  needs  attention  occasionally  and  should  be  protected  from  heat 
and  dirt.  387 

(Discussed  by  Hatch,  Getting  and  Smith) 
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MEETING  OF  THE  STANDARDS 
COMMITTEE 

The  Standards  Committee  of  the  Society  met  Jan. 
9,  1918,  in  New  York,  with  Chairman  John  G.  Utz  pre- 
siding, to  pass  oh  the  work  accomplished  since  the 
June  meeting.  Some  sixty-five  different  recommenda- 
tions were  submitted  for  acceptance  by  the  Committee. 
The  majority  of  these  were  submitted  by  the  Aeronautic 
Division,  although  reports  were  submitted  also  by  the 
Motorcycle,  Roller-Chain,  Tractor,  Marine,  Data  Sheet, 
Lighting,  Tire  and  Rim,  and  Miscellaneous  Divisions. 

The  repk)rts  as  finally  adopted  are  given  on  the  fol- 
lowing pages. 

In  the  discussion  of  the  Aeronautic  Division  report  at 
the  Committee  meeting  a  number  of  minor  changes  were 
suggested;  these  have  been  incorporated  in  the  report 
as  finally  approved.  It  was  decided  to  refer  back  the  glue 
specificationsf  to  the  Division,  inasmuch  as  the  test  for 
double  shear  had  been  found  to  be  not  acceptable,  and 
moreover  there  seemed  to  be  considerable  uncertainty  as 
to  the  actual  strength  of  the  glue  and  of  the  wood  to  be 
used  in  the  test  for  adhesiveness. 

The  report  of  the  Motorcycle  Division  covered  matters 
especially  applicable  to  military  motorcycles.  The  work 
was  first  undertaken  by  an  informal  committee  under 
the  auspices  of  the  Society,  and  was  then  continued  by  the 
formation  of  a  Motorcycle  Division  of  the  Standards  Com- 
mittee. After  the  report  presented  by  the  Division  was 
prepared  the  Government  designed  a  standardized  motor- 
cycle, using  the  work  of  the  Division  in  the  design. 

The  Roller-Chain  Division  has  been  working  with  a 
committee  from  the  American  Society  of  Mechanical  En- 
gineers, and  the  recommendations  submitted  on  nomen- 
clature and  dimensions  represent  the  opinions  of  both  the 
Division  and  the  A.  S.  M.  E.  Committee.  The  roller- 
chain  dimensions  are  not  new  sizes,  but  are  simply  intro- 
duced to  furnish  sizes  most  suitable  for  general  work.  It 
was  said  there  are  about  five  times  as  many  sizes  of  the 
roller  chains  in  general  use  as  are  actually  required.  A 
start  has  been  made  by  designating  the  pitch,  chain 
width,  and  roller  diameter;  it  is  expected  that  detail  di- 


tSee  Report  of  Glue  Committee.  Vol.  I.  No.  4.  Thb  Journal 
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mensions  to  correspond  can  be  added  later  if  conditions 
in  the  industry  warrant  such  a  step.  The  Division  will 
continue  work  on  tolerances  for  the  chain  dimensions, 
and  also  proposes  to  work  out  with  the  cooperation  of 
foreign  roller-chain  manufacturers  a  standardized  series 
of  metric  chains. 

The  Tractor  Division,  in  addition  to  submitting  a  rec- 
ommendation that  the  tractor  drawbar  connection  should 
be  mounted  in  a  horizontal  position,  recommended  that  a 
number  of  present  S.  A.  E.  standards  be  used  for  tractor 
work. 

The  Data  Sheet  Division  submitted  a  report  showing 
progress. 

A  general  index,  carefuUy  cross-indexed,  was  pre- 
pared for  the  data  sheets  in  the  S.  A.  E.  Handbook,  and 
was  mailed  to  all  the  members  of  the  Society,  together 
with  the  latest  data  sheets. 

The  Division  recommended  that  separate  index  sheets 
or  sections  of  the  general  index  include  the  general  stand- 
ards and  recommended  practices  that  may  be  approved 
for  use  in  the  following  subjects:    . 

Aeronautic,  Marine,  Motorcycle,  Stationary  and  Farm 
Engine,  and  Tractor. 

The  Miscellaneous  Division  had  previously  suggested 
that  the  dimensions  for  adjustable  yoke  rod-ends,  plain 
yoke  rod-ends,  and  eye  rod-ends,  be  extended  to  include 
y%  and  1-in.  sizes.  A  standard  set  of  dimensions  for 
mounting  bumpers  was  also  adopted,  as  was  a  complete 
set  of  screw-thread  pitches  for  all  diameters  from  ^  up 
to  6  in.  and  over.  Regular  and  fine,  pitches  were  speci- 
fied for  each  size  of  bolt,  with  the  result  that  a  system- 
atic standard  of  screw  threads  is  now  offered. 

The  report  of  the  Marine  Division  includes  dimensions 
for  the  flanges  for  coupling  the  reverse  gear  to  the  engine, 
for  coupling  the  propeller  shaft  to  the  reverse  gear,  for 
use  with  the  extended  shaft,  and  for  the  propeller  mount- 
ing. The^e  apply  to  sizes  of  propellers  up  to  4-in.  shaft 
diameter. 

On  account  of  the  lateness  of  the  hour  it  was  necessary 
to  adjourn  the  meeting  of  the  Standards  Committee  be- 
fore taking  action  oh  the  reports  presented  by  the  Marine, 
Tire  and  Rim,  and  the  Lighting  Divisions.  The  dimen- 
sions proposed  by  the  Marine  Division  and  the  report  of 
the  Tire  and  Rim  Division  were  accepted  at  the  special 
meeting  of  the  Standards  Committee  called  during  the 
Society  meeting  Thursday  morning.  The  Lighting  Di- 
vision report  was  accepted  by  the  Standards  Committee 
with  some  alterations. 
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THIRD  REPORT  OF  AERONAUTIC  DIVISION 

Aa  adopted  py  the  Society 

The  report  of  the  Aeronautic  Division  includes  speci- 
fications for  cellulose  acetate  dopes,  cellulose  nitrate 
dopes,  spar  varnish,  round  high-stren^h  steel  wire,  non- 
flexible  19  steel-wire  cable,  flexible  6  by  7  steel-wire  cable, 
flexible  7  by  7  steel-wire  cable,  extra  flexible,  7  by  19  steel- 
wire  cable,  reels  for  cable,  tachometer  drive,  rubber  hose 
for  gasoline,  and  plain  hexagon  nuts  (for  bodies  and 
wings).  The  dimensions  approved  for  ball  hex,  ball  cas- 
tle nuts,  castle  hexagon  nuts,  ball  hexagon-head  bolts 
and  plain  hexagon-head  bolts  at  the  June  meeting  were 
extended  to  include  the  9/16  and  %-in.  sizes.  The  clamps 
and  fittings  for  8/16  to  3-in.  rubber  hose*  already  stand- 
ardized were  approved  for  aeronautic  practice.  Complete 
specifications  were  recommended  for  airplane  engine  test- 
ing forms  and  for  engine-weight  specifications.  Other 
matters  adopted  are  spark-plug  shell  dimensions  and 
bevel-washer  dimensions. 

Dopes — Cellulose  Acetate 

The  temperature  of  the  doping  rooms  of  airplane  fac- 
tories should  be  maintained  at  70  deg.  fahr.  The  air- 
plane manufacturers  should  store  the  dope  under  a  roof. 

(1)  Definition  Dopes  for  airplane  fabrics  must  con- 
sist of  a  clear,  uniform  mixture  of  ingredients  and  be 
capable  of  shrinking  the  fabric  to  the  degree  of  tautness 
desired  by  the  purchaser's  inspection.  The  residual  film 
should  be  reasonably  transparent,  and  free  from  white 
spots,  and  should  give  a  smooth  homogeneous  surface, 
when  applied  in  a  horizontal  position  in  an  atmosphere 
not  exceeding  65  per  cent  humidity  and  75  deg.  fahr. 
temperature,  free  from  direct  draft. 

(2)  Viscosity  The  viscosity-of  the  dope  must  permit 
of  direct  application  without  dilution  at  a  temperature 
not  lower  than  60  deg.  fahr. 

(3)  Coating  The  dope,  when  dry,  must  adhere  to 
the  fabric  with  sufiteient  tenacity  to  prevent  peeling  off 
in  sheets.  Test  strips  should  show  lint  attached  to  the 
side  that  has  been  in  contact  with  the  fabric. 

(4)  Effect  on  Tensile  Strength  and  Weight  Pour 
coats  or  an  equivalent  of  the  dope,  48  hr.  after  applica- 
tion, must  increase  the  tensile  strength  of  linen  fabrics 


*See   report   of   Miscellaneous   Division,   Part   I.    1916    8.    A.    E. 
Transactions  or  Data  Sheet  37,  Vol.  1.  S.  A.  E.  Handbook 
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not  less  than  25  per  cent  of  the  original  average  strength 
of  warp  and  filling,  and  of  cotton  fabric  not  less  than 
15  per  cent.  The  increase  in  weight  per  square  yard  of 
doped  fabric  should  not  be  less  than  2  nor  greater  than 
2.75  oz.  The  test  should  be  made  under  standard  condi- 
tions of  humidity  and  temi>erature  on  standard  fabrics. 

(5)  AcidUif  No  mineral  acids  may  be  present  in  the 
dope,  and  the  amount  of  free  organic  acid  figured  as 
acetic  acid  may  not  exceed  0.2  per  cent.  No  compounds 
may  be  present  that  would  be  injurious  to  the  fabric. 

(6)  Sulphates  Dopes  that  show  the  presence, of  free 
sulphuric  acid  by  the  test  given  below  are  not  accept- 
able. 

(7)  Tetrachlorethane  Dopes  containing  tetrachlore- 
thane  will  not  be  acceptable  for  repair  work,  but  will 
be  permissible  in  factories  provided  with  adequate  venti- 
lation. 

(8)  CeUfdose  Aeetaie  The  cellulose  acetates  used 
should  contain  ho  free  mineral  acid  and  not  more  than 
0.1  per  cent  free  acetic  acid,  and  should  be  stable.  The 
amount  of  cellulose  acetate  shall  not  be  less  than  60  grams 
per  liter  of  dope. 

(9)  Soiventa  The  volatile  solvents  employed  should 
present  no  danger  to  the  workman  applying  them. 

(10)  Inflammability  Five  drops  of  gasoline  dropped 
on  the  film  that  has  been  dried  for  48  hr.  and  immedi- 
ately ignited  should  have  no  more  serious  effect  than  to 
char  the  fabric  under  the  moistened  section  of  the  film. 

(11)  Exposure  Test  Dopes  must  comply  with  the 
following  test:  A  square  frame,  12  by  12  in.  inside  meas- 
urement, is  covered  on  both  sides  with  fabric,  the  fabric 
being  tacked  to  the  outer  side  of  the  frame.  The  fabric 
is  to  be  tacked  under  uniform  tension,  simulating  that 
employed  in  airplane  manufacture.  Four  coats  or  an 
equivalent  of  dope  are  to  be  applied  to  each  side  of  the 
frame,  each  coat  being  allowed  to  dry  thoroughly  before 
the  succeeding  coat  is  applied.  The  frames  are  to  be 
exposed  on  a  roof  in  an  unshaded  horizontal  position, 
one  side  being  constantly  uppermost.  After  60  days  of 
constant  exposure  no  spontaneous  cracking  of  the  doped 
surface  should  be  apparent,  and  after  remaining  one 
hour  at  a  temperature  of  from  70  to  80  deg.  fahr.  the 
film  shall  not  crack  and  shall  have  a  decided  ring.  This 
test  shall  be  made  in  duplicate  and  comparatively  with  a 
dope  that  has  previously  passed  the  test,  and  shall  be  in 
effect  until  a  mechanical  test  is  adopted. 

(12)  Shipment    Dope  shall  be  shipped  in  metal  cans, 
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metal  or  wooden  barrels,  or  earthenware  containers.  In- 
si>ection  of  the  containers  shall  be  permitted  to  insure 
against  the  accidental  introduction  of  foreign  material. 
The  container  shall  be  marked  with  the  date  of  manu- 
facture, serial  number,  gross  tare  and  net  weight. 

Testing  of  Dopes 

(1)  Acidity  A  500-cc.  beaker,  containing  about  200 
cc.  of  water  is  counterbalanced  on  a  large  balance.  The 
balance  is  adjusted  to  one  hundredth  gram  by  adding  or 
removing  veater.  About  10  grams  of  dope  are  poured 
into  ther  water  and  the  increase  in  weight  noted.  This 
is  rapidly  done  to  0.01  gram  to  diminish  solvent  loss. 
The  dope  is  stirred  up  and  allowed  to  stand  10  to  15  min., 
with  occasional  stirring.  The  liquid 'is  decanted  through 
a  rather  porous  filter  into  an  800-cc.  beaker  and  150  cc. 
of  warm  water  added  to  the  residue.  It  is  allowed  to 
stand  10  to  15  min.  with  frequent  stirring,  and  poured 
through  the  filter  into  the  800-cc.  beaker.  The  residue  is 
washed  with  150  cc.  of  warm  water  as  before.  A  few 
drops  of  phenolphthalein  are  added  and  the  solution 
titrated  with  twenty-fifth  normal  caustic  soda  to  a  color 
that  i>ersists  for  one-half  minute. 

Some  dopes,  notably  those  containing  much  acetone, 
when  poured  into  water  precipitate  as  a  milky  solution 
containing  shreds  of  the  acetate.  The  resulting  liquor 
filters  slowly  and  passes  through  the  filter  paper  in  a 
cloudy  condition.  Since  the  acetate  is  finely  divided,  it 
is  practically  free  from  acetic  acid,  and  additional  wash- 
ing is  unnecessary.  The  end-point  is  not  quite  as  sharp 
as  when  all  the  acetate  has  been  removed,  owing  to  hy- 
drolysis of  the  suspended  material,  but  is  sufficiently 
accurate  for  all  practical  purposes.  Absence  of  mineral 
acids  must  be  proved  by  qualitative  tests. 

(2)  Sulphates  Twenty  grams  of  cellulose  acetate  dope 
are  treated  with  150  cc.  of  water  in  a  pressure  bottle  at 
100  deg.  cent,  for  24  hr.  The  resulting  liquor  is  filtered 
and  tested  for  free  sulphuric  acid. 

(8)  Amount  of  CeUulose  Acetate  Pour  25  grams  of 
the  dope  into  a  Petri  dish  6  in.  in  diameter,  and  evapo- 
rate to  dryness  on  the  steam  bath.  Extract  the  residue 
with  ether  in  a  Soxhlet  until  all  extractive  material  has 
been  removed.  Dry  at  60  deg.  cent,  to  constant  weight, 
and  weigh. 

(4)  Fttm  Pour  some  of  the  dope  on  a  glass  plate  and 
allow  to  dry  spontaneously.  The  film  may  be  examined 
for  the  general  characteristics  of  transparency,  coher- 
ence. Btrenffth  and  flodbility. 
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Dopes — Cellulose  Nitrate 

(1)  Definition  Dopes  for  airplane  fabrics  must  con- 
sist of  a  clear,  uniform  mixture  of  ingredients,  and  be 
capable  of  shrinking  the  fabric  to  the  degree  of  taut- 
ness  desired  by  the  purchaser's  inspection.  The  residual 
film  should  be  reasonably  transparent  and  free  from  white 
spots,  and  should  give  a  smooth,  homogeneous  surface 
when  applied  in  a  horizontal  position  in  an  atmosphere 
not  exceeding  65  per  cent  of  humidity  and  75  deg.  fahr. 
temperature,  free  from  direct  draft. 

(2)  Viscosity  The  viscogity  of  the  doi)e  must  permit 
of  direct  application  without  dilution  at  a  temperature 
not  lower  than  60  deg.  fahr. 

(8)  Coating  The  dope,  when  dry,  must  adhere  to  the. 
fabric  with  sufficient  tenacity  to  prevent  peeling  off  in 
sheets.  Test  strips  should  show  lint  attached  to  the 
side  that  has  been  in  contact  with  the  fabric. 

(4)  Effect  on  Tensile  Strength  and  Weight  Four  coats 
or  an  equivalent  of  the  dope,  48  hr.  after  application  must, 
increase  the  tensile  strength  of  linen  fabrics  not  less  than 
25  per  cent  of  the  original  average  strength  of  warp 
and  filling  and  of  cotton  fabrics  not  less  than  15  per 
cent.  The  increase  in  weight  per  square  yard  of  doped 
fabric  should  not  be  less  than  2  nor  greater  than  2.75 
oz.  The  test  shall  be  made  under  standard  conditions  of 
humidity  and  temperature  on  standard  fabrics. 

(5)  Acidity  No  mineral  acids  shall  be  present  in  the 
dope  and  the  amount  of  free  organic  acidity  figured  as 
acetic  acid  may  not  exceed   0.05  per  cent.     No  com- 

'  pounds  may  be  present  that  would  be  injurious  to  the 
fabric. 

(6)  CelMose  Nitrate  The  cellulose  nitrate  used  in 
the  manufacture  of  dope  shall  be  purified  and  give  a 
negative  potassium  iodide  test  at  the  end  of  20  min., 
according  to  the  standard  Government  method  for  the 
Abel  stability  test.  The  amount  of  cellulose  nitrate  used 
shall  be  not  less  than  55  grams  per  liter  pf  dope. 

(7)  Solvents  The  volatile  solvents  employed  shall 
present  no  danger  to  the  workman  applying  them. 

(8)  Exposure  Test  Dopes  must  comply  with  the  fol- 
lowing test:  A  square  frame,  12  by  12  in.  inside  meas- 
urement, is  covered  on  both  sides  with  fabric,  the  fabric 
being  tacked  to  the  outer  side  of  the  frame.  The  fabric 
is  to  be  tacked  under  uniform  tension,  simulating  that 
employed  in  airplane  manufacture.  Four  coats  or  an 
equivalent  of  dope  are  to  be  applied  to  each  side  of  the 

.  frame,  each  coat  being  allowed  to  dry  thoroughly  before 
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the  succeeding  coat  is  applied.  The  frames  are  to  be 
exposed  on  a  roof  in  an  unshaded  horizontal  position, 
one  side  being  constantly  uppermost  After  60  days  of 
constant  exposure  no  spontaneous  cracking  of  the  doped 
surface  should  be  apparent,  and  after  remaining  one  hour 
at  a  temperature  of  70  to  80  deg.  fahr.,  the  film  shall  not 
crack  and  shall  have  a  decided  ring.  This  test  shall  be 
made  in  duplicate  and  comparatively  with  a  dope  that  has 
previously  passed  the  test  &nd  shall  be  in  effect  until  a 
mechanical  test  is  adopted. 

(9)  Shipment  Dope  shall  be  shipped  in  metal  cans, 
metal  or  wooden  barrels  or  earthenware  containers.  In- 
spection of  the  containers  shall  be  permitted  to  insure 
against  the  accidental  introduction  of  foreign  materials. 
The  container  shall  be  marked  with  the  date  of  manu- 
facture, serial  number,  gross  tare  and  net  weight. 

Testing  of  Dopes 

(1)  Acidity  A  500-cc.  beaker,  containing  about  200 
cc.  of.  water,  is  counterbalanced  on  a  large  balance.  The 
balance  is  adjusted  to  one-hundredth  gram  by  adding  or 
removing  water.  About  10  grams  of  doi>e  are  poured 
into  the  water  and  the  increase  in  weight  noted.  This 
is  rapidly  done  to  0.01  gram  to  diminish  solvent  loss.  The 
dope  is  stirred  up  and  allowed  to  stand  10  to  15  minutes 
with  occasional  stirring.  The  liquid  is  decanted  through 
a  rather  porous  filter  into  an  800-cc.  beaker,  and  150  cc. 
of  warm  water  added  to  the  residue.  It  is  allowed  to 
stand  10  to  15  minutes  with  frequent  stirring,  and 
poured  through  the  filter  into  the  800-cc.  beaker.  The  • 
residue  is  washed  with  150  cc.  of  warm  water  as  before. 
A  few  drops  of  phenolphthalein  are  added  and  the  solu- 
tion titrated  vrith  twenty-fifth-normal  caustic  soda  to  a 
color  that  persists  for  one-half  minute.  Any  satisfac- 
tory substitute  method  will  be  permissible  on  approval. 

(2)  Amount  of  Cellulose  Nitrate  Pour  25  grams  of 
the  dope  into  100  grams  of  chloroform,  stirring  con- 
stantly. Extract  in  a  soxhlet  with  chloroform  until  all 
material  possible  has  been  removed.  Dry  at  60  deg. 
cent,  to  constant  weight,  and  weigh. 

(3)  Film  Pour  some  of  the  dope  on  a  glass  plate  and 
allow  to  dry  spontaneously.  The  film  may  be  examined 
for  the  general  characteristics  of  transparency,  cohe- 
rence, strength,  and  flexibility. 

Spar  Varnish  Specification 

Composition  and  General  Properties  The  material 
shall  be  the  best  long  oil  varnish,  suitable  for  application 
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on  wood,  "doped"  linen  or  cotton,  and  metal,  and  re- 
sistant to  air,  light  and  water.  The  manufacturer  is 
given  the  greatest  latitude  in  the  selection  of  raw  ma- 
terials and  process  of  manufacture  in  order  to  produce  a 
product  of  the  highest  quality. 

Physical  Charaeteristica  The  material  shall  comply 
with  the  following  requirements: 

(1)  It  shall  be  clear  and  transparent. 

(2)  Its  color  shall  be  no  darker  than  a  standard  color 
solution,  made  by  dissolving  6  grams  of  pure  powdered 
potassium  bichromate  in  100  cc.  of  pure  concentrated 
sulphuric  acid  (specific  gravity  1.84).  Gentle  heat  may 
be  used,  if  necessary,  to  secure  a  perfect  solution  of  the 
bichromate.  The  color  comparison  will  be  made  by  plac- 
ing the  varnish  and  the  standard  color  solution  in  clear, 
thin-walled  glass  tubes  of  the  same  diameter,  1.5  to  2 
cm.  (%  to  13/16  in.)  to  a  depth  of  at  least  2.5  cm. 
(1  in.)  and  comparing  the  colors  by  looking  through  the 
tubes,  across  the  column  of  the  liquid  by  transmitted 
light. 

(3)  The  flash  point  shall  not  be  below  35  deg.  cent. 
(95  deg.  fahr.)  when  determined  in  an  open  tester. 

(4)  The  varnish  will  be  flowed  on  one  side  of  a  10  by 
16-cm.  (approx.  4  by  6  in.)  panel  of  bright  tin.  The 
panels*  shall  be  approximately  0.3  to  0.4  nun.  (0.0125 
to  0.0158  in.)  thick,  and  shall  be  cleaned  thoroughly  with 
benzol.  When  a  panel  is  held  in  a  vertical  position  and 
maintained  at  a  temperature  of  21  to  32  deg.  cent.  (70  to 
90  deg.  fahr.),  the  varnish  shall  set  to  touch  at  a  point 
not  less  than  2.5  cm.  (1  in.)  from  the  side  or  top  edges 
of  the  film,  in  not  more  than  5  hr. ;  and  shall  dry  hard  in 
not  more  than  24  hr.  to  a  clear,  hard,  glossy  film.  The 
panel  will  then  be  allowed  to  dry  for  a  further  period 
of  not  less  than  5  days  and  then  brought  to  a  temperature 
of  not  less  than  21  deg.  cent.  (70  deg.  fahr.)  nor  more 
than  24  deg.  cent.  (75  deg.  fahr.)  and  maintained  at 
this  temperature  for  not  less  than  15  min.  The  panel, 
with  the  varnished  side  on  the  outside,  will  then  be  bent 
double  rapidly  over  a  rod  3  mm.  (V^  in.)  diameter.  The 
varnish  film  shall  show  no  cracking  or  flaking  at  the 
point  of  bending. 

(5)  The  varnish  shall  be  applied  to  a  basswood  panel 
which  has  been  filled  with  one  coat  of  drop  black  in  oil 
thinned  with  turpentine  and  drier,  and  allQwed  to  dry 
for  not  less  than  10  days  before  applying  the  varnish.  It 
shall  have  suitable  body  to  give  proper  brushing,  flowing 

*The  base  metal  must  weigh  from  90  to  100  lb.  per  standard  box 
of  112  sheets.  14  by  20  In.  No.  30  to  28  U.  S.  standard  plate  gtLge 
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and  covering  properties.  The  first  coat  of  varnish  vdll 
be  allowed  to  dry  48  hr.,  then  be  lightly  sandpapered,  a 
second  coat  applied  and  allowed  to  dry  72  hr.  The  panel 
will  then  be  inclined  at  an  angle  of  about  45  deg.  and  a 
gentle  stream  of  cold  tap  water  allowed  to  flow  down  the 
middle  of  the  panel  for  18  hr.  After  wiping  off  with 
a  chamois  skin  any  deposits  due  to  the  tap  water,  the 
varnish  shall  show  no  whitening,  dulling  or  other  defects. 
A  small  stream  of  boiling  distilled  water  shall  then  be 
allowed  to  flow  down  another  portion  of  the  panel  for  20 
minutes.  The  water  wiU  be  siphoned  onto  the  surface  of 
the  panel  through  a  small  glass  tube  directly  from  a  con- 
tainer in  which  it  is  boiling,  in  such  a  manner  that 
there  will  be  no  appreciable  lowering  of  the  tempera- 
ture of  the  water  before  it  touches  the  varnish  film. 
The  siphon  delivery  tube  will  be  in  a  plane  nearly  par- 
allel to  the  plane  of  the  panel,  so  that  the  impact  of 
the  water  will  not  tend  to  break  the  film.  The  varnish 
shall  show  no  appreciable  whitening  and  no  more  than  a 
very  slight  dulling  or  other  indications  of  marked 'de- 
terioration, either  when  observed  immediately  after  re- 
moval from  the  water,  or  after  drying  for  2  hours. 

(6)  The  varnish  shaU  be  applied  in  three  coats  to  two 
unfilled  panels  of  maple  wood,  not  less  than  14  by  45  by 
2  cm.  (5%  by  18  by  %  in.),  allowing  three  days  for  the 
drying  of  each  coat  The  first  coat,  after  drying  in- 
doors for  3  days  will  be  sandpapered  lightly  with  No.  00 
sandpaper  before  the  application  of  the  next  coat.  The 
second  and  third  coats  will  not  be  sandpapered  or  rubbed, 
and  the  duplicate  panels  will  be  exposed  outdoors,  45  deg. 
to  the  vertical,  facing  south,  three  days  after  the  appli- 
cation of  the  finishing  coat.  The  backis  and  edges  of  the 
panels  will  also  be  varnished  with  three  coats  of  the  same 
sample,  but  for  these  surfaces  the  details  of  the  method 
of  application  as  given  need  not  be  adhered  to,  and  the 
effects  of  exposure  on  these  surfaces  wiU  not  be  con- 
sidered. 

On  this  test,  the  varnish  shall  show  satisfactory  dura- 
bility and  weather  resistant  properties.  In  cases  where 
the  award  of  a  contract  cannot  be  delayed  for  the  results 
of  the  exposure  test,  award  may  be  made  on  the  basis 
of  the  other  requirements ;  but  a  varnish  of  any  specific 
brand  that  does  not  show  up  satisfactorily  on  exposure 
test  may  be  omitted  from  consideration  in  future  awards, 
and  a  preliminary  submittal  of  samples  for  making  ex- 
posure tests  may  be  called  for. 

Note — In  general,  results  comparable  with  those  given 
by  the  above  method  may  be  obtained  by  flowing  one 
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coat  of  varnish  on  duplicate  panels  of  bright  tin  thor- 
oughly cleaned  with  benzol,  allowing  it  to  dry  48  hr.,  and 
then  immersing  one  of  the  panels  in  distilled  water  at 
room  temperature  for  18  hr.,  ^d  the  other  panel  in  boil- 
ing distilled  water  for  15  minutes.  But  the  test  on  wood 
should  be  made  in  all  cases  when  there  is  any  doubt  re- 
garding the  resistance  of  the  varnish  to  water. 

Round  High  Strength  Steel  Wire 

This  specification  covers  solid  high-strength  steel  wire 
round  section,  used  in  the  construction  of  aircraft  and  in 
which  flexibility  is  of  minor  importance. 

Worknuinahip  and  Finish  The  wire  shall  be  cylin- 
drical and  smooth  and  may  show  no  evidence  of  scrapes, 
splints,  cold  shuts,  rough  tinning,  or  other  defects  not 
in  accordance  with  best  commercial  practice. 

Tensile  Test  Samples  for  the  tensile  test  shall  be  not 
less  than  15  in.  long  and  free  from  bends  and  kinks.  In 
making  tensile  tests  on  aircraft  wire,  the  distance  be- 
tween jaws  of  testing  machine,  with  the  sample  in  place 
and  before  test,  shall  be  10  in.  The  wire  must  not  break 
at  less  than  the  amount  specified  in  the  accompanying 
table,  which  is  a  part  of  this  specification. 

Torsion  Test  Samples  for  the  torsion  test  shall  be 
straight  and  not  less  than  10  in.  long.  The  sample  shall 
be  gripped  by  two  vises  8  in.  apart;  one  vise  shall  be 
turned  uniformly  at  a  speed  not  exceeding  60  jr.p.m.  (on 
the  larger  sizes  of  wire  this  speed  shall  be  reduced  suffi- 
ciently to  avoid  undue  heating  of  the  wire).  One  vise 
shall  have  free  axial  movement  in  either  direction.  All 
wire  shall  be  required  to  withstand  a  number  of  complete 
turns,  which  are  to  be  agreed  upon  between  the  pur- 
chaser and  the  manufacturer. 

Bend  Test  Samples  for  bend  test  shall  be  straight 
and  not  less  than  10  in.  long.  One  end  of  the  sample 
shall  be  clamped  between  jaws  having  their  upper  edges 
rounded  with  3/16  (0.188)  in.  radius.  The  free  end  of 
the  wire  shall  be  held  loosely  between  two  guides  and 
bent  90  deg.  over  one  jaw;  this  is  to  be  counted  as  one 
bend.  On  raising  to  a  vertical  position  the  count  will  be 
two  bends.  The  wire  shall  then  be  bent  to  the  other  side, 
and  so  forth,  alternating  to  fracture.  The  minimum 
number  of  bends  required  is  stated  in  the  table. 

Wrapping  Test  This  is  to  be  made  on  at  least  10 
per  cent  of  the  total  number  of  coils  offeied  for  inspec- 
tion at  one  time.  The  wire  is  wrapped  around  its  own 
diameter  eight  consecutive*  turns  with  a  pitch  substan- 
tially equal  to  the  diameter  of  the  wire  and  then  un- 
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wrapped,  maintaining  the  free  end  at  approximately  90 
deg.  with  the  mandrel.  It  must  stand  this  test  without 
fracture.  Because  of  the  possibility  of  personal  error 
in  making  this  test,  f ailu^  on  one  test  is  not  considered 
conclusive,  and  if  required  to  do  so  the  inspector  shall 
make  at  least  one,  but  no  more  than  two,  additional 
tests  on  the  sample  of  wire.  If  any  of  these  tests  is 
successful,  the  material  shall  be  passed  as  satisfactory 
in  this  respect. 

Data  for  Round  High  Strength  Steel  Wire 


Americao 

Number 

-      ■%■■  ■- 
Minimum 

Tenaile 

Wire 

Diameter, 

Weight. 

of  Bends 

Breaking 

Strength. 

Gage 

In. 

Lb./lOOFt. 

Through 

Strength, 

Lb./8q.  In. 

No. 

OODeg. 

Lb. 

6 

0.162 

7.010 

5 

4.600 

219.000 

7 

0:144 

6.560 

6 

3,700 

229.000 

8 

0.129 

4.400 

8 

3.000 

233.000 

9 

0.114 

3.500 

9 

2.500 

244.000 

10 

0.102 

2.770 

11 

2.000 

244.000 

11 

0.091 

2.200 

14 

1.620 

254.000 

12 

0.081 

1.744 

17 

1.300 

252,000 

13 

0.072 

1.383 

21 

1.040 

255.000 

14 

0.064 

1.097 

25 

880 

258,000 

15 

0.057 

0.870 

29 

660 

250.000 

16 

0.051 

0.600 

34 

540 

264.000 

17 

0.045 

0.547 

42 

425 

267.000 

18 

0.040 

0.434 

52 

840 

270,000 

19 

0.036 

0.344 

70 

280 

275.000 

20 

0.032 

0.273 

85 

225 

280.000 

21 

0.028 

0.216 

105 

175 

284.000 

Selectiin  of  Test  Specimen  A  tensile,  a  torsion  and  a 
bend  test  shall  be  made  on  each  end  of  each  piece  or  coil 
of  wire.  When  an  individual  coil  of  wire  is  to  be  divided 
into  smaller  coils  to  meet  special  requirements,  it  is  suffi- 
cient to  make  one  test  on  the  origrinal  coil  and  to  cut  and 
seal  the  small  coils  in  the  presence  of  the  inspector. 

Dimensions  and  Tolerances  All  wire  for  this  pur- 
pose shall  be  furnished  in  decimal  sizes  corresponding  to 
the  American  wire  gage  (Brown  &  Sharpe  gage). 

A  permissible  variation  of  0.002  in.  above  gage  on  all 
sizes  will  be  accepted,  but  no  wire  will  be  accepted  having 
a  variation  of  more  than  0.0005  in.  below  gage. 

Non-Flexible  19  Steel  Wire  Cable 

This  specification  covers  high-strength  19  steel  wire 
cable  used  in  the  construction  of  aircraft  and  in  which 
flexibility  is  of  minor  importance. 

Manufacture  The  steel  wires  composing  the  cable 
shall  be  laid  around  the  center  wire  in  one  or  two  layers 
as  required  by  the  number  of  wires  in  the  cable  with  a 
left-hand  (counter-clockwise)  pitch  and  with  a  length  of 
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lay  not  to  exceed  eleven  times  the  diameter  of  the  cuble 
or  not  less  than  nine  times  the  diameter  of  the  cable. 

Wires  composing  the  cable  shall  be  uniformly  coated 
with  pure  tin  or  galvanized*  to  solder  readily. 

The  joints  in  wires  composing  the  cable  shall  be  brazed 
in  a  gas  fire.  Tucked  in,  welded  or  twisted  joints  will 
not  be  permitted.  No  two  brazed  joints  in  individual 
wires  shall  be  closer  to  one  another  than  150  ft.  in  the 
completed  cable.  All  brazed  joints  in  wires  shall  be 
tinned.  Exposed  brass  at  joints  shall  not  constitute  cause  ' 
for  rejection. 

Workmanship  and  Finish  Each  length  of  cable  is  to 
be  evenly  laid  and  free  from  kinks,  loose  wires  or  other 
irregularities.  The  cable  shall  remain  in  this  condition 
when  unwound  from  the  reel  or  bent  around  a  standard 
thimble,  proper  precautions  being  taken  to  secure  the 
ends. 

Tensile  Test  A  tensile  test  shall  be  made  upon  each 
reel  of  cable  purchased  of  a  size. 

Samples  of  cable  for  testing  for  tensile  strength  shall 
be  not  less  than  24  in.  long.  In  making  tensile  tests 
the  distance  between  jaws  of  testing  machine,  with  sample 
in  place  and  before  test,  shall  be  not  less  than  10  in. 

Samples  for  tensile  test  may  be  clamped  in  the  jaws 
of  the  testing  machine  in  the  usual  manner  to  facilitate 
testing,  but  in  case  of  failure  or  dispute  on  individual 
tests,  and  at  the  request  of  the  manufacturer,  check  tests 
shall  be  made  by  socketing  the  samples  with  pure  zinc. 

Gable  for  use  in  the  construction  of  aircraft  shall 
meet  the  required  breaking  strength  specified  in  the 
table. 

Bend  Test  One  bend  test  is  to  be  made  on  a  sample 
cut  from  each  reel  of  cable  of  a  given  size.  Each  sample 
must  be  bent  once  around  its  own  diameter  and  straight- 
ened again  at  least  20  times  in  succession  in  the  same 
direction  of  bending  without  any  of  the  wires  breaking. 

Torsion  Test  This  is  to  be  made  on  one  wire  from 
each  sample  of  cable  taken  for  tensile  test.  The  wire  is 
to  be  gripped  by  two  vises  8  in.  apart.  One  vise  shall 
be  turned  uniformly  at  as  high  a  rate  of  speed  as  pos- 
sible without  perceptibly  heating  the  wire.  One  vise 
shall  have  free  axial  movement  in  either  direction. 

The  number  of  complete  turns  which  the  wire  shall 
stand  is  determined  by  the  relation : 

Number  of  turns  =  2.2  -h  dia.  in  inches. 

Failure  of  one  piece  of  wire  to  show  the  full  number^of 

^If  the  gralvanised  coatlnjr  is  used,  the  method  is  to  be  speclfled 
by  the  purchaser 
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turns  specified  in  the  above  torsion  test  shall  not  be 
considered  cause  for  rejection,  but  in  such  case  two 
additional  tests  shall  be  made  on  two  more  wires*  from 
the  same  sample  of  cable,  and  if  both  samples  meet  the 
requirements  of  the  specifications  the  cable  shall  be 
accepted  in  this  respect. 

Dimensiona  and  Tolerances  There  shall  be  no  per- 
missible variation  in  gage  below  size.  Cable  having  a 
diameter  of  0.031  (1/32)  to  0.156  (5/32)  in.,  inclusive, 
'shall  have  a  permissible  variation  of  10  per  cent  above 
size,  and  cable  having  a  diameter  of  0.188  (3/16)  to 
0.375  (%)  in.,  inclusive,  shall  have  a  permissible  varia- 
tion of  7  per  cent  above  size. 

Weights,  Sizes  and  Strength  op  No.  19  Cable 


Diameter,  In. 

Minimum  Breaking 
Strength,  Lb. 

Approx.  Weight,  Lb./lOO  Ft. 

0.312  (We) 
0.250  ()4) 

12.500 

20.65 

8.000 

13.50 

0.218  (%«) 
0. 188  (%•) 
0.156(H.) 

6,100 

10.00 

4.600 

7.70 

3,200 

5.50 

0.125f%) 

2,100 

3.50 

0.109(%«) 

1.600 

2.60 

0.094  (Ht) 
0.078  ?%4) 

1.100 

1.75 

780 

1.21 

0.062  (U.) 

500 

0.78 

*0.031(i4») 

185 

0.30 

•No.  7  wire. 

Flexible  6  by  7  Steel  Wire  Cable 

This  specification  covers  high' strength  6  by  7  flexible 
steel  wire  cable  used  in  the  construction  of  aircraft  and 
in  which  flexibility  is  important. 

Manufacture  The  steel  wires  composing  the  indi- 
vidual strands  of  the  cable  shall  be  laid  concentrically 
around  the  center  wire  in  one  layer  of  six  wires  with  a 
left-hand  (counter-clockwise)  pitch  or  lay.  The  cable 
itself  shall  be  constructed  by  twisting  six  of  these  strands 
composed  of  seven  wires  each  around  a  cotton  center  with 
a  right-hand  (clockwise)  pitch  or  lay  of  six  to  eight 
times  the  diameter  of  the  whole. 

Wires  composing  the  cable  shall  be  uniformly  coated 
with  pure  tin  to  solder  readily. 

Joints  in  wires  in  cable  having  a  diameter  of  0.156 
(5/32)  in.  and  larger  shall  be  brazed  in  a  gas  fire.  In 
cable  having  a  diameter  of  0.125  (Vs)  in.  or  less,  wires 
m^  be  joined  either  by  brazing  or  twisting,  at  the  man- 
ufacturer's convenience.  Tucked-in  or  welded  joints  are 
not  permitted.     No  two  joints  in  individual  wires  shall 
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be  closer  than  30  ft.  to  one  another  in  the  completed  cable. 
All  brazed  joints  shall  be  tinned.  Exposed  brass  at  joints 
shall  not  constitute  cause  for  rejection. 

Workmanship  and  Finish  Each  length  of  cable  is  to 
be  evenly  laid,  and  free  from  kinks,  loose  wires  or  other 
irregularities.  The  cable  shall  remain  in  this  condition 
when  unwound  from  the  reel  or  bent  around  a  standard 
thimble,  proper  precautions  being  taken  to  secure  the 
ends. 

Tensile  Test  A  tensile  test  shall  be  made  upon  each 
individual  reel  of  cable  purchased  of  a  size. 

Samples  of  cable  for  testing  for  tensile  strength  shall 
be  not  less  than  24  in.  long.  In  making  tests  the  distance 
between  jaws  of  testing  machine  with  sample  in  place 
and  before  test  shall  be  not  less  than  10  in. 

Samples  for  tensile  test  may  be  clamped  in  the  jaws 
of  the  testing  machine  in  the  usual  manner  to  facilitate 
testing;  but  in  case  of  failure  or  dispute  on  individual 
tests  and  at  the  request  of  the  manufacturer  check  tests 
shall  be  made  by  socketing  the  samples  with  pure  zinc. 

Cable  for  use  in  the  construction  of  aircraft  shall 
meet  the  required  breaking  strength  specified  in  the 
table. 

Bend  Test  One  bend  test  is  to  be  made  on  a  sample 
cut  from  each  reel  of  cable  of  a  given  size.  Each  sample 
must  be  bent  once  around  its  own  diameter  and  straight- 
ened again  at  least  20  times  in  succession  in  the  same 
direction  of  bending  without  any  of  the  wires  breaking. 

Torsion  Test  This  is  to  be  made  on  one  wire  from 
each  sample  of  cable  for  tensile  test.  The  wire  is  to  be 
gripped  by  two  vises  8  in.  apart.  One  vise  shall  be 
turned  uniformly  at  as  high  a  rate  of  speed  as  possible 
without  perceptibly  heating  the  wire.  One  vise  shall  have 
free  axial  movement  in  either  direction. 

The  number  of  complete  turns  which  the  wire  shall 
stand  is  determined  by  the  relation: 

Number  of  turns  =  2.2  -r-  dia.  in  inches. 

Failure  of  one  piece  of  wire  to  show  full  number  of 
turns  specified  in  this  torsion  test  shall  not  be  considered 
cause  for  rejection,  but  in  such  case  two  additional  tests 
shall  be  made  on  two  more  wires  from  the  same  sample 
of  cable,  and  if  both  samples  meet  the  requirements  of 
the  specifications  the  cable  shall  be  accepted  in  this  re- 
spect. 

Dimensions  and  Tolerances  There  shall  be  no  per- 
missible variation  in  gage  below  size.  Cable  having  a 
diameter  of  1/16  to  3/32  in.,  inclusive,  shall  have  a  per- 
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missible  variation  of  12  per  cent  above  size;  cable  having 
a  diameter  of  Vs  to  8/16  in.,  inclusive,  shall  have  a  per- 
missible variation  of  10  per  cent  above  size,  and  cable 
having  a  diameter  of  7/32  to  %  in.,  inclusive,  shall  have 
a  permissible  variation  of  7  per  cent  above  size. 

Weights,  Sizes  and  Strength  of  6  by  7  Cable 


Minimum  Breaking 

Approx.  Weight. 
Lb./lOO  Ft. 

Diameter,  In. 

strength,  Lb. 

0.312(^6) 

7,900 

15.00 

0.260  fW) 

5,000 

9.50 

0.218  C;&>) 

4.000 

7.43 

0.188  (?i«) 

2,750 

5.30 

0. 166  CHi) 

2.200 

.  4.20 

0.126  CW) 

1.150 

2.20 

0.109  (%4) 

830 

1.50 

0.094  (Ht) 

780 

1.30 

0.078  (%a) 

480      • 

0.83 

0.062  (\U) 

400 

0.73 

Flexible  7  by  7  Steel  Wire  Gable 

This  specification  covers  high  strength  7  by  7  flexible 
steel  wire  cable  used  in  the  construction  of  aircraft  and 
in  which  flexibility  is  important. 

Manufacture  The  steel  wires  composing  the  indi- 
vidual strands  of  the  cable  shall  be  laid  concentrically 
around  the  center  wire  in  one  layer  of  six  wires  with  a 
left-hand  (counter-clockwise)  pitch  or  lay.  The  cable 
itself  shall  be  constructed  by  twisting  six  of  these 
strands  composed  of  seven  wires  each  around  a  seventh 
strand  of  the  same  construction  and  material  with  a 
right-hand  (clockwise)  pitch  and  with  a  length  of  lay 
of  six  to  eight  times  the  diameter  of  the  whole. 

Wires  composing  the  cable  shall  be  uniformly  coated 
with  pure  tin  to  solder  readily. 

Joints  in  wires  in  cable  having  a  diameter  of  0.156 
(5/82)  in.  and  larger  shall  be  brazed  in  a  gas  fire.  In 
cable  having  a  diameter  of  0.125  (Vs)  in.  or  less,  wires 
may  be  joined  either  by  brazing  or  twisting,  at  the  manu- 
facturer's convenience.  Tucked-in  or  welded  joints  are 
not  permitted.  No  two  joints  in  individual  wires  shaU  be 
closer  to  one  another  in  the  completed  cable  than  30  ft. 
All  brazed  joints  shall  be  tinned.  Exposed  brass  at 
joints  shall  not  constitute  cause  for  rejection. 

Workmanship  and  Finish  Each  length  of  cable  is  to 
be  evenly  laid,  and  free  from  kinks,  loose  wires,  or  other 
irregularities.  The  cable  shall  remain  in  this  condition 
wnen  unwound  from  the  reel  or  bent  around  a  standard 
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thimble,  proper  precautions  being  taken  to  secure  the 
ends. 

Tensile  Test  A  tensile  test  shall  be  made  upon  each 
individual  reel  of  cable  purchased  of  a  size. 

Samples  of  cable  for  testing  for  tensile  strength  shall 
be  not  less  than  24  in.  long.  In  making  tests  the  distance 
betveeen  jaws  of  testing  machine  with  sample  in  place 
and  before  test  shall  be  not  less  than  10  in. 

Samples  for  tensile  test  may  be  clamped  in  the  jaws 
of  the  testing  machine  in  the  usual  manner  to  facilitate 
testing;  but  in  case  of  failure  or  dispute  on  individual 
tests  and  at  the  request  of  the  manufacturer,  check 
tests  shall  be  made  by  socketing  the  samples  with  pure 
zinc. 

Cable  for  use  in  the  construction  of  aircraft  shall  meet 
the  required  breaking  strength  specified  in  the  table. 

Bend  Test  One  bend  test  is  to  be  made  on  a  sample 
cut  from  each  reel  of  cable  of  a  given  size.  Each  sample 
must  be  bent  once  around  its  own  diameter  and  straight- 
ened again  at  least  20  times  in  succession  in  the  same 
direction  of  bending  without  any  of  the  wires  breaking. 

Torsion  Test  •  This  is  to  be  made  on  one  wire  from 
each  sample  of  cable  for  tensile  test.  The  wire  is  to  be 
gripped  by  two  vises  8  in.  apart.  One  vise  shall  be 
turned  uniformly  at  as  high  a  rate  of  speed  as  possible 
without  perceptibly  heating  the  wire.  One  vise  shall 
have' free  axial  movement  in  either  direction. 

The  number  of  complete  turns  which  the  wire  shall 
stand  is  determined  by  the  relation: 

Number  of  turns  =  2.2  -f-  dia.  in  inches. 

Failure  of  one  piece  of  wire  to  show  full  number  of 
turns  specified  in  the  above  torsion  test  shall  not  be 
considered  cause  for  rejection,  but  in  such  case  two  ad- 
ditional tests  shall  be  made  on  two  more  wires  from  the 
same  sample  of  cable,  and  if  both  samples  meet  the  re- 
quirements of  the  specifications  the  cable  shall  be  ac- 
cepted in  this  respect. 

Dimensions  and  Tolerances  There  shall  be  no  per- 
missible variation  in  gage  below  size.  Gable  having  a 
diameter  of  1/16  to  8/32  in.,  inclusiye,  shall  have  a  per- 
missible variation  of  12  per  cent  above  size;  cable  hav- 
ing a  diameter  of  Vs  to  3/16  in.,  inclusive,  shall  have 
a  permissible  variation  of  10  per  cent  above  size,  and 
cable  having  a  diameter  of  7/32  to  %  in.,  inclusive,  shall 
have  a  permissible  variation  of  7  per  cent  above  size. 
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Weights,  Sizes  and  Strength  of  7  by  7  Gable 


Diameter,  In. 


Minimum  Breaking 
Sirensth,  Lb. 


Approx.  Weight, 
Lb./100  Ft. 


0.313  (He) 
0.250  (U) 
0.218  (%i) 
0.188  (9i«) 
0. 156  Oil) 
0.125  (ti) 
0.004  (%j> 
0.078  (^) 
0.062  (^i«) 


9.200 

16.70 

5.800 

10.50 

4,600 

8.30 

3.200 

6.80 

2.600 

4.67 

1.350 

2.45 

920 

1.45 

550 

0.98 

480 

0.81 

Extra  Flexible  7  by  19  Steel  Wire  Cable 

This  specification  covers  high  strength  7  by  19  extra 
flexible  steel  wire  used  in  the  construction  of  aircraft 
and  in  which  extra  flexibility  is  important. 

Manufacture  The  steel  wires  composing  the  indi- 
vidual strands  of  cable  shall  be  laid  concentrically  around 
the  center  wire  in  one  layer  of  six  wires  and  another,  or 
outer  layer,  of  twelve  wires  with  a  left-hand  (counter- 
clockwise) pitch,  the  lay  or  pitch  of  both  layers  being 
of  the  same  length ;  the  cable  itself  sfiall  be  constructed 
by  twisting  six  of  these  strands  composed  of  nineteen 
wires  each  around  a  seventh  strand  of  the  same  con- 
struction and  material  with  a  right-hand  (clockwise) 
pitch  or  lay  of  six  to  eight  times  the  diameter  of  the 
whole. 

It  is  to  be  understood  that  the  strand  composing  this 
cable  must  not  necessarily  be  composed  of  wires  all  of 
the  same  diameter. 

Wires  composing  the  cable  shall  be  uniformly  coated 
with  pure  tin  to  solder  readily. 

Joints  in  wires  in  cable  having  a  diameter  of  0.188 
(3/16)  in.  and  larger  shall  be  brazed  in  a  gas  fire. 
In  cable  having  a  diameter  of  0.156  (5/32)  in.  or  less, 
wires  may  be  joined  either  by  brazing  or  twisting  at 
the  manufacturer's  convenience.  Tucked-in  or  weld^ 
joints  are  not  permitted.  No  two  joints  in  individual 
wires  shall  be  closer  than  30  ft.  to  one  another  in  the 
completed  cable. 

Workmanship  and  Finish  Each  length  of  cable  is  to 
be  evenly  laid  and  free  from  kinks,  loose  wires  or  other 
irregularities.  The  cable  shall  remain  in  this  condition 
when  unwound  from  the  reel  or  bent  around  a  standard 
thimble,  proper  precautions  being  taken  to  secure  the 
ends. 
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Tensile  Test  A  tensile  test  shall  be  made  upon  each 
individual  reel  of  cable  purchased  of  a  size. 

Samples  of  cable  for  testing  for  tensile  strength  shall 
be  not  less  thian  24  in.  long.  In  making  tensile  tests  the 
distance  between  jaws  of  testing  machine  with  sample 
in  place  and  before  test  shall  be  not  less  than  10  in. 

Samples  for  tensile  test  may  be  clamped  in  the  jaws 
of  the  testing  machine  in  the  usual  manner  to  facilitate 
testing,  but  in  case  of  failure  or  dispute  on  individual 
tests,  and  at  the  request  of  the  manufacturer,  check  tests 
shall  be  made  by  socketing  the  samples  with  pure  zinc. 

Gable  for  use  in  the  construction  of  aircraft  shall  meet 
the  required  breaking  strength  specified  in  the  table. 

Bend  Teat  One  bend  test  is  to  be  made  on  a  sample 
cut  from  each  reel  of  cable  of  a  given  size.  Each  sample 
must  be  bent  once  around  its  own  diameter  and  straight- 
ened again  at  least  20  times  in  succession  in  the  same 
direction  of  bending  without  any  of  the  wires  breaking. 

Torsion  Test  This  is  to  be  made  on  one  wire  from 
each  sample  of  cable  taken  for  tensile  test.  The  wire 
is  to  be  gripped  by  two  vises  8  in.  apart;  one  vise  shall 
be  turned  uniformly  at  as  high  a  rate  of  speed  as  pos- 
sible without  perceptibly  heating  the  wire.  One  vise 
shall  have  free  axial  movement  in  either  direction. 

The  number  of  complete  turns  which  the  wire  shall 
stand  is  determined  by  the  formula: 

Number  of  turns  =  2.2  -f-  dia.  in  inches. 

Failure  of  one  piece  of  wire  to  show  full  number  of 
turns  specified  in  the  above  torsion  test  shall  not  be 
considered  cause  for  rejection,  but  in  such  case  two  addi- 
tional tests  shall  be  made  on  two  more  wires  from  the 
same  sample  of  cable,  and  if  both  samples  meet  the  re- 
quirements of  the  specification  the  cable  shall  be  accepted 
in  this  respect. 

Weights,  Sizes  and  Strength  of  7  by  19  Cable 


Minimum  Breaking 

Approx.  Weight, 
fi./lOO  Ft. 

Diameter.  In. 

Strength,  Lb. 

0.376(H) 

14,400 

26.45 

0.344  iMii) 
0.312  (H«) 
0.281  i%i) 

12.500 

22.53 

9.800 

17.71 

8.000 

14.56 

0.250  :V4) 

7.000 

12.00 

0.218  (%!) 
0.188  (%.) 

5.600 

9.50 

4,200      ^ 

6.47 

O.lSeiHt) 

2.800 

4.44 

0.125(H) 

2,000 

2.88 

Digitized  by  VjOOQIC 


20 


THE  SOCIETY  OP  AUTOMOTIVE  ENGINEERS 


Dimensions  and  Tolerances  There  shall  be  no  per- 
missible variation  in  diameter  belove  size.  Gable  having 
a  diameter  of  0.125  (Vs)  to  0.187  (3/16)  in.,  inclusive, 
shall  have  a  .permissible  variation  of  10  per  cent  above 
size,  and  cable  having  a  diameter  of  0.218  (7/32)  to 
0.375  (%)  in.,  inclusive,  shall  have  a  permissible  varia- 
tion of  7  per  cent  above  size. 


Reels  for  Aircraft  Cable 


Diameter 

. 

B      C 

D 

.\s\c 

D 

A 

B 

C 

D 

A 

1 

B  1  C 

D 

Cable, 

In. 

1.000  Feet 

3.000  Feet 

5.000  Feet 

10.000  Feet 

1/32 

1/16 
5/64 

12 
12 
12 

8 
8 
8 

IH 

12 
12 
16 

4 
4 

4 

8 
8 
10 

U4 

12 
16 
16 

4 
4 
7 

8 
10 
12 

IH 

16 
16 
16 

4 
7 
10 

10 
12 
8 

Uk 

3/32 

7/64 
1/8 

12 
16 
16 

8 
10 
10 

IM 
Ui 

16 
16 
16 

4 
7 
7 

10 
12 
12 

IM 
Uk 

16 
16 
16 

7 
10 
10 

12 

8 
8 

Ui 

16 
18 
24 

10 
10 
10 

8 

8 

10 

IH 

0/64 
5/32 
3/16 

16 
16 
18 

12 
12 
12 

IH 
Ui 
2H 

16 
16 
18 

10 
10 
10 

8 
8 
8 

IH 
2H 

24 
24 
24 

10 
10 
10 

10 
10 
10 

IH 
Uk 
2M 

24 
24 
24 

16 
16 
16 

10 
10 
10 

2H 
2H 
2M 

7/32 

1/4 
5/16 

18 
18 
18 

7 
10 
10 

12 
10 
10 

2% 
2H 
2\k 

18 
24 
24 

10 
10 
10 

8 
10 
10 

2H 
2H 
2U 

24 
32 
32 

10 
18 
18 

10 
16 
16 

'2\k 
2^ 
2Vi 

32 
36 
36 

20 
22 
22 

16 

18 
18 

3M 
3M 
3^ 

11/32 
3/8 

18 
18 

10 
10 

8 
8 

2\k 
2H 

32 
32 

16 
16 

16 
16 

2M 
2\k 

32 
32 

20 
20 

16 
16 

50 
50 

16 
16 

26 
26 

Dimensions  given  in  inches 

Round,  solid,  high-strength  steel  wire  is  to  be  shipped 
in  coils  or  bundles  protected  with  waterproof  wrapping 
of  paper. 

In  making  racks  for  these  reels  allow  4  in.  greater 
width  than  the  traverse  (B)  specified. 


Digitized  by  VjOOQIC 


AERONAUTIC  DIVISION   BEPORt 


21 


Tachometer  Drive 

Instrument  End  The  upper  or  instrument  end  of  the 
shaft  has  a  squared  socket,  made  integral  with  a  shoul- 
der, that  forms  a  thrust  bearing. 

Engine  End  The  lower  or  engine  end  is  finished  with 
a  cylindrical  end  with  a  single  integral  key. 

Casing    The  casing  is  to  be  of  flexible  metallic  tubing, 


JILHI       K.«w    Si 


Dbtails  of  Tachomxtu  Drivx  por  Airplani  Engimbs 
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covered  with  whip-cord  braid  and  impregnated  to  pre- 
Vent  oil  leakage;  similar  to  sample,  or  covered  vnth  other 
material  that  will  be  equally  flexible,  oil-tight,  and  free 
from  stretching  and  of  no  greater  weight  than  the  whip- 
cord braid  covering  the  casing.  The  outside  diameter  of 
casing  to  be  over  braid  to  be  about  7/16  in.;  the  inside 
diameter  of  casing  to  be  about  V^  in.  The  ends  of  the 
casing  are  finished  alike,  as  shown  in  the  accompanying 
sketches.  The  screw-threaded  sockets  covering  the  whip- 
cord braid  are  screwed  in  place  and  set  with  shellac  or 
other  suitable  material  to  form  an  oil-tight  and  perma- 
nent connection.    • 

Shaft-End  The  shaft-end  at  the  engine  is  drilled  and 
slotted  to  fit  the  tachometer  shaft-end,  allowing  at  least 
I  in.  for  end-play.  More  play  than  this  may  be  required 
where  the  drive-shaft  is  more  than  6  ft.  in  length,  the 
amount  to  be  determined  experimentally. 

Drive-Shaft  This  is  to  be  of  helical  wire-wound  con- 
struction, with  core  wires. 

Spindle  The  tachometer  spindle  is  finished  square  to 
fit  the  square  socket  on  the  drive-shaft. 

Drive-Shaft  This  vrill  rotate  at  one-half  crankshaft 
speed. 

End-NtUs  The  size  and  contour  of  exterior  circum- 
ference of  end-nuts  is  optional,  but  a  15/16-in.  octagon 
is  recommended. 

Rubber  Hose  for  Gasoune — Type  No.  1 

(COTTON  PLY) 

Part  I    Technical 

The  gasoline  hose  must  consist  of  rubber  and  cotton 
constructed  according  to  the  following  specifications.  The 
quality  of  the  finished  hose  must  be  uniformly  good 
throughout. 

Inner  Tube  This  is  to  be  made  of  rubber  free  from 
flaws  or  cracks  and  of  a  quality  conforming  to  the  con- 
ditions laid  down  in  this  specification.  '^ 

When  of  an  internal  diameter  of  %  in.  or  less,  this 
inner  tube  must  be  seamless.  Tubes  of 'larger  internal 
diameter  may  be  made  from  rubber  sheet,  in  which  case 
they  must  consist  of  at  least  two  turns,  and  be  formed 
into  a  complete  tube  in  the  process  of  manufacture. 

Cotton  Plies  The  cotton  shall  consist  of  either  braided 
or  canvas  plies  which  shall  comply  with  the  requirements 
given  in  the  following  table: 
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Internal  Dia.,  In.  Min.  No.  Plies 

Up  to  and  including  % 2 

11/16  to  11/2  inclusive 3 

Above   IV^ 4 

Outer  Cover     This  is  to  be  made  of  rubber  of  the 
same  quality  as  that  used  for  the  inner  tube,  and  of  good 
'  workmanship  and  finish. 

Dimension  limit  The  internal  diameter  of  the  hose 
must  not  vary  more  than  plus  or  minus  3  per  cent  of  the 
given  internal  diameter. 

Length  of  Hose  The  manufacturer,  when  quoting  or 
when  acknowledging  an  order  for  this  class  of  hose,  must' 
state  the  lengths  in  which  it  can  be  supplied.  The  hose 
should  be  supplied  in  the  maximum  lengths  possible. 

Physteal  Properties  By  "flexibility"  is  meant  ability 
to  bend  without  kinking.  When  hose  of  internal  diameter 
(y)  is  bent  around  a  cylinder  having  a  diameter  equal 
to  X  times  the  external  diameter  of  the  hose,  as  shown 
in  the  following  table,  the  external  diameter  of  the  hose 
must  not  be  increased  or  diminished  by  more  than  10  per 
cent: 

Internal  Dia.  {y)  In.  x 

Less  than  'V2 8 

y2  to  y4 12 

13/16  to  IVs 14 

Above  IVs 16 

The  hose,  after  having  been  filled  with  gasoline  for 
2  hr.,  must  withstand,  without  showing  defects,  a  mini- 
mum internal  hydraulic  pressure  (p),  depending  upon 
the  internal  diameter  (d)  of  the  hose. 

Min.  Pressure  (j>) 

Internal  Dia.  (d)  In.  Ib./sq.  in. 

Up  to  %  inclusive 160 

9/16  to  1  inclusive 140 

1  1/16  to  11/2  inclusive 120 

1  9/16  to  2  inclusive. 100 

Above  2   ... 80 

ChemieaL  Properties  The  rubber  content  shall  hot  be 
less  than  25  per  cent  by  weight  of  plantation  or  wild 
hevea.  rubber.  The  amount  of  free  sulphur  in  the  tube, 
cover,  or  friction  compounds  shall  not  exceed  1  per  cent. 

Dry  Heat  Test  A  3-in.  piece  of  the  hose,  after  having 
been  placed  in  ati  air  oven  at  132  deg.  cent,  for  2  hr., 
must  show,  when  cool,  no  tendency  to  crack,  and  must 
not  be  tacky. 
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Permeability  to  Crosoline  A  14-in.  length  of  the  hose 
is  held  vertically  and  plugged  at  the  bottom.  The  upper 
end  is  fitted  with  a  glass  tube  about  18  in.  long.  The 
hos^  so  arranged  is  filled  with  gasoline*  to  a  head  of  12  in. 
above  the  top  of  the  acting  length  of  the  hose.  The  act- 
ing length  of  the  rubber  hose  is  12  inches.  The  upper 
end  of  the  glass  tube  is  loosely  closed  with  a  cork.  « 

During  the  first  24  hr.  the  level  of  the  gasoline  will 
fall  with  comparative  rapidity.  The  loss  fs  made  good  by 
frequent  additions  from  a  known  volume  of  gasoline,  care 
being  taken  that  the  level  of  the  gasoline  in  the  glass 
.tube  does  not  fall  by  more  than  3  in.  at  any  time.  The 
test  is  to  last  for  72  hr.,  and  the  loss  of  gasoline  during 
the  third  24  hr.  must  not  exceed  100  cc.  per  square  foot  of 
the  original  internal  surface  of  the  hose. 

Immereion  in  GuBoline  A  3-in.  piece  of  the  hose  is 
boiled  for  1  hr.  (using  a  reflex  condenser)  in  gasoline 
similar  to  that  used  for  the  permeability  test.  The  gaso- 
line is  allowed  to  cool  down.  Twenty-four  hours  later 
the  test  piece  is  removed  from  the  gasoline  and  examined 
without  delay,  as  follows : 

The  internal  diameter  at  the  point  of  greatest  con- 
striction is  measured  by  means  of  rod  gages.  From  this 
measurement  the  area  of  the  bore  is  calculated.  This 
must  not  differ  from  the  original  by  more  than  25  per 
cent. 

The  test-specimen  is  then  cut  longitudinally  into  halves, 
and  the  adhesion  between  rubber  and  cotton  carefully  ex- 
amined. The  adhesion  must  be  of  such  a  character  that 
the  rubber  can  only  be  stripped  from  the  cotton  by  hand 
with  difficulty.  • 

Immersion  in  Oil  A  3-in.  piece  of  the  hose  is  im- 
mersed in  oi{,  approved  by  the  purchaser,  at  a  tempera- 
ture of  100  deg.  cent,  for  8  hr.,  and  for  a  further  period 
of  24  hr.  at  ordinary  temperature.  The  oil  is  then 
wiped  from  the  surface  of  the  hose.  The  decrease  of 
internal  diameter  shall  be  less  than  10  per  cent. 

The  flexibility  and  elasticity  of  the  rubber  must  not 
be  diminished  and  there  must  be  no  tendency  of  the 
rubber  to  separate  from  the  cotton. 

Part  II   Inspection 

Test'Specimens  The  purchaser  will  decide  where  the 
tests  are  to  be  carried  out.    All  test-specimens  are  to  be 


^The  specific  gravity  of  the  gasoline  used  In  this  test  should  be 
between  0.710  and  0.725  at  15.5  deg.  cent.  (60  deg.  fahr.)  ;  65  per 
cent  of  It  must  dlstm  over  at  100  deg.  cent  (212  deg.  fahr.)  from 
a  distillation  flask  when  the  bulb  of  the  thermometer  is  Just  below 
tk0  side  tiib# 
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cut  in  the  presence  of  the  inspector  and  are  to  be  marked 
as  he  may  direct. 

For  the  purpose  of  testing,  a  representative  sample 
will  be  cut  from  each  1000  ft.  of  hose  or  fraction  thereof, 
and  the  tests  will  proceed  in  accordance  with  the  pur- 
chaser's instructions. 

Rejections  If  any  sample  fails  to  comply  with  any  of 
the  above  tests,  the  hose  represented  thereby  will  be 
rejected. 

Marking  Accepted  and  rejected  material  must  be 
marked  as  directed  by  the  inspector. 

Part  III    Special  Conditions 

Depreciation  The  manufacturer  must  bear  the  cost  of 
the  depreciation  in  value  of  any  rejected  material  due 
to  test  specimens  being  cut  therefrom. 

Rejected  Material  The  manufacturer  must  not  supply 
any  material  that  has  previously  been  rejected  by  any 
Government  Department,  without  giving  full  written  par- 
ticulars of  the  previous  rejection  to  the  inspector  who  is 
detailed  to  this  specification. 

RuBBEK  Hose  for  Gasoline — Type  No.  2 

(COTTON  PLY  REINFORCED  WITH  WIBE) 

Part  I    Technical 

The  gasoline  hose  must  consist  of  rubber  and  cotton 
constructed  according  to  the  following  specifications.  The 
quality  of  the  finished  hose  must  be  uniformly  good 
throughout. 

Inner  Tube  This  shall  consist  of  a  canvas  tube  sup- 
ported by  a  helix  of  oil-tempered  steel  wire  of  not  less 
than  0.020  in.  diameter,  spaced  not  less  than  five  turns 
per  inch.  The  rubber  tube  shall  be  placed  between  this 
inner  cotton  tube  and  the  cottoA  plies. 

Cotton  Plies  The  cotton  shall  consist  of  either  braided 
or  canvas  plies,  which  shall  comply  with  the  requirements 
of  the  following  table.  The  inner  cotton  tube  shall  not 
be  considered  one  of  the  plies  specified. 

Internal  Dia.,  In.  Min.  No.  Plies 

Up  to  and  including  % 2 

11/16  to  11/2  inclusive 3 

Above   1% 4 

Outer  Cover    This  is  to  be  made  of  rubber  of  the  same 
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quality  as  that  used  for  the  inner  tube,  and  of  good  work- 
manship and  finish. 

Dimension  Limit  The  internal  diameter  of  the  hose 
must  not  vary  more  than  plus  or  minus  3  per  cent  of  the 
given  internal  diameter. 

Length  of  Hose  The  manufacturer,  when  quoting  or 
when  acknowledging  an  order  for  this  class  of  hose,  must 
state  the  lengths  in  which  it  can  be  supplied.  The  hose 
should  be  supplied  in  the  maximum  lengths  possible. 

Physical  Properties  By  "flexibility"  is  meant  ability 
to  bend  without  kinking.  When  hose  of  internal  diame- 
ter (]/)  is  bent  around  a  cylinder  having  a  diameter  equal 
to  X  times  the  external  diameter  of  the  hose,  as  shown 
in  the  following  table,  the  external  diameter  of  the  hose 
must  not  increase  or  diminish  by  more  than  10  per  cent. 
Internal  Dia.  (y),  In.  x 

Less  than  ^/^ 8 

V2  to  % 12 

13/16  to  IVs 14 

Above   IVs. 16 

The  hose,  after  having  been  filled  with  gasoline  for 
two  hours,  must  withstand  a  minimum  internal  hydraulic 
pressure  of  (p)  pounds  per  square  inch,  depending  upon 
the  internal  diameter  (d)  of  the  hose  without  showing 
defects. 

Min.  Pressure  (p) 
Internal  Dia.  (d)  In.  Ib./sq.  in. 

Up  to  ^^  inclusive 160 

9/16  to  1  inclusive 140 

1  1/16  to  11/2  inclusive 120 

1  9/16  to  2  inclusive 100 

Above  2 80 

Chemical  Properties  The  rubber  contents  shall  not 
be  less  than  25  per  cent  by  weight  of  plantation  or  wild 
hevea  rubber.  The  amount  of  free  sulphur  in  either 
the  tube,  cover,  or  friction  compounds  shall  not  exceed 
1  per  cent. 

Dry  Heat  Test  A  3-in.  piece  of  the  hose  after  having 
been  placed  in  an  air  oven  at  132  deg.  cent,  for  2  hr. 
must  show,  when  cool,  no  tendency  to  crack,  and  must  not 
be  tacky. 

Permeability  to  Gasoline  A  142-in.  length  of  hose  is 
held  vertically  and  plugged  at  the  bottom.  The  upper 
end  is  fitted  with  a  glass  tube  about  18  in.  long.  The  hose 
so  arranged  is  filled  with  gasoline*  to  a  head  of  12  in. 

^The  specific  gravity  of  the  gasoline  used  in  this  test  should  be 
between  0.710  and  0.725  at  15.5  deg.  cent.  (60  deg.  fahr.)  ;  65  percent 
of  it  must  distill  over  at  100  deg.  cent.  (212  deg.  fahr.)  from  a 
distillation  flask  when  the  bulb  of  the  thermometer  is  just  below  the 
side  tube 
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above  the  top  of  the  acting  length  of  the  hose.  The  act- 
ing length  of  the  rubber  hose  is  12  in.  The  upper 
end  of  the  glass  tube  is  loosely  closed  vnth  a  cork. 

During  the  first  24  hr.  the  level  of  the  gasoline  will 
fall  comparatively  rapidly.  The  loss  is  made  good  by 
frequent  additions  from  a  known  volume  of  gasoline,  care 
being  taken  that  the  level  of  the  gasoline  in  the  glass  tube 
does  not  fall  by  more  than  3  in.  at  any  time.  The  test 
is  to  last  for  72  hr.,  and  the  loss  of  gasoline  during  the 
third  24  hr.  must  not  exceed  100  cc.  per  square  foot  of 
the  original  internal  surface  of  the  hose. 

Immersion  in  Gasoline  A  3-in.  piece  of  the  hose  is 
boiled  for  1  hr.  (using  a  reflex  condenser)  in  gasoline 
similar  to  that  used  for  the  permeability  test.  The  gas- 
oline is  allowed  to  cool  down.  Twenty-four  hours  later 
the  test  piece  is  removed  from  the  gasoline  and  examined 
without  delay,  as  follows : 

The  internal  diameter  at  the  point  of  greatest  con- 
striction is  measured  by  means  of  rod  gages.  From  this 
measurement  the  area  of  the  bore  is  calculated.  It  must 
not  differ  from  the  original  by  more  than  26  per  cent. 

The  test-specimen  is  then  cut  longitudinally  into  halves, 
and  the  adhesion  between  rubber  and  cotton  carefully 
examined.  The  adhesion  must  be  of  such  a  character 
that  the  rubber  can  only  be  stripped  from  the  cotton  by 
hand  with  difficulty. 

Immersion  in  Oil  A  3-in.  piece  of  the  hose  is  im- 
mersed in  oil  approved  by  the  purchaser  at  a  temperature 
of  100  deg.  cent,  for  8  hr.,  and  for  a  further  period  of 
24  hr.  at  ordinary  temperature.  The  oil  is  then  wiped 
from  the  surface  of  the  hose.  The  decrease  of  internal 
diameter  shall  be  less  than  10  per  cent.' 

The  flexibility  and  elasticity  of  the  rubber  must  not 
be  diminished  and  there  must  be  no  tendency  of  the 
rubber  to  separate  from  the  cotton.  ^ 


Part  II    Inspection 

Test'Specimens  The  purchaser  will  decide  where  the 
tests  are  to  be  carried  out.  All  test-specimens  are  to  be 
cut  in  the  presence  of  the  inspector  and  they  are  to  be 
marked  as  he  may  direct. 

For  the  purpose  of  testing,  a  representative  sample 
will  be  cut  from  each  1000  ft.  of  hose  or  fraction  thereof, 
and  the  tests  will  proceed  in  accordance  with  the  pur- 
chaser's instructions. 
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Rejections  If  any  sample  fails  to  comply  with  any  of 
the  above  tests,  the  hose  represented  thereby  will  be 
rejected. 

Marking  Accepted  and  rejected  material  must  be 
marked  as  directed  by  the  inspector. 

Part  III    Special  Conditions 

Depreciation  The  manufacturer  must  bear  the  cost  of 
the  depreciation  in  value  of  any  rejected  material  due  to 
test-specimens  being  cut  therefrom. 

Rejected  Material  The  manufacturer  must  not  supply 
any  material  that  has  previously  been  rejected  by  any 
Government  Department,  without  giving  full  written 
particulars  of  the  previous  rejection  to  the  inspector  who 
is  inspecting  to  this  specification. 


Plain  Hexagon  Nuts 
(For  bodies  and  wings,  not  engines) 


Chamfer  comers-c'  ^ 
h>  shorf  dia.       \rL. 
— 1/5^ 


Chamfer  fhrefs-''      V 
to  dia.  Ti" 


T.D.n: Tooling:  Dimendions 


Dimensions  for  Plain  Hexagon  Nuts 


Size 
A 


Threads 
per  In. 


Hex.  Short  Dia.  B 


♦0.1120  (No.    4) 
*0. 1380  (No.    6) 


To  be 
determined 


0.250  r^i) 
0.312  (*iU) 


All  Throada  U.  8.  Form.     *Futiire  Sizes 


0.094  (*it) 
0.109^%«) 


0. 1640  (No. 
0.1900  (No. 

8) 
10) 

32 
32 

0.375(H) 
1    0.375(H) 

0.125(H) 
0.141  (%4) 

0.2160  (No. 
0.2500  (W) 

12) 

32 

28 

0.438(^1.) 
1    0.438  (?i6) 

0. 156  (H2) 
0.188  (H«) 

0.3125  (We) 
0.3750(H) 

24 
24 

0.500  (M) 
0.563  (!ie) 

0.234  ('%4) 
0.281  (H,) 

0.4375  (%•) 
0.6000(14) 

20 
20 

0.688  (Mie) 
0.750(H) 

0.328  r»iw 
0.376  (H) 

0.6625  (»i«) 
0.6250(H) 

18 
18 

1    0.875(H) 
!    0.938  («Vi6) 

0.422  (>%«) 
0.469  (»W) 
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Ball  Hexagon  and  Castle  Nuts 


Chamfer  1t>  Short  DkL 


V"-'f'-"AMin.'l 


K-— B.-->i''^za>i>- 


Chamfer  Th'ds,  to  Dia.  "K,  Chamfer  fh'ds.  to  Dia  "A' 


ATi-JV+O. 


T.D.r=  Tooling  Dimensions 


Bolt 

Siae^ 

Thds. 

Hktaqon 

Castlb 

B 

N      j      R 

B 

iVi 

5 

0 

0.5625  (9it) 
0.6250(H) 

18 
18 

0.875 

0.469     0.625 

(iHi)   1 
0.516  <  0.625 

(•%4)    1     (H) 

0.875 

0.656 

0^9^ 
(tt) 

0.156 

0.156 

(%i) 

0.188 

0.260 

(U) 

All  Threftds  U.  8.  Forin      B  -Also  Size  of  Hexagon 


Castle  Hexagon  Nuts 


(TODj 


Chamfer  Corner  I 


fo  st^orf  P>a. 


----- B H  ChomfgrThrds 


T.D.  =  Tooling  Dimensions 

Bolt 

SiseA 

Thds. 
£oh 

B 

N 

S 

0 

Af 

•L 

A 

0.5625  (K.) 
0.6250(91) 

18 
18 

0.875 

0.938 
(»Hi) 

0.609 
(«%«) 

0.719 
(«Hi) 

0.156 

0.166 
(Hi) 

0.188 
(H«) 
0.250 

(tt) 

0.422 
(*»«) 
0.469 
(>H^ 

0.047 

0.047 

(%•) 

0.156 

0.156 
(Hi) 

All  Threads  U.  S.  Form     B-Also  Siie  of  Hezsgon    0-Also  Depth  of  Slot 
•L  rr  Distance  from  A  to  beginning  of  S/32  in.  radius  whose  center 
ij»  floating  to  aatistfy  pwrvp 


Digitized  by  VjOOQIC 


the  society  of  automotive  engineers 
Ball  Hexagon-Head  Bolts 


Ciw>L>30*-\ 


ffM  /b£cc»e^  (T.OJ  il9fft. 


iBSBEEBBD       >c*^ 


T  — Mill.  Length  of  Usable  Thread.    T.D.:^; Tooling  Blmenslonfl 


Bolts 

Thre»d« 

i 

\ 

1 

$%ie  A 

per  Inch 

1 

♦Limite 

B                    M 

R 

0.1040(No.8.) 

32 

0.1640 
0.1609 

1  0.313  (M.)    ,  0.172(H) 

0.376  («« 

0.5626  (fit) 

18 

1 

0.5625 
0.6680 

!  0.875  (%)       0.469  (>Hj) 

1 

0.626^^0 

0.6250  (%) 

18 

0.6250 
0.6200 

10.938  («H«)    0.516  («?i4) 

1 

0.625(H) 

B^)clyleii|tfaL» 
r^ength  ^thr«Ad 

44 

H 

Vi              %             1 

Overl 

ir- 

H 

?i« 

\<i              \i              V4 

« 

All  threads  U.  S.  Form.    All  dimensions  In  inches. 

'Finished   size,   including  plating  or   rust-preventing   treatment  when  used. 
The  Bureau  of  Standards  roconimends  0.001   In.  as  thickness  of  plating  for 
ruiit  prevention 


Plain  Hexagon-Head  Bolts 


,.  .J-  ->(♦  .'^  "Max.  4  Thds. 


0.01  R.  ; 

i 4 


t 


■UJ 


I    ♦0O47. 
*--OjOI« 


o 


•'V*M 


7'r=Min.   Length  of  Usable  Thread.     T.  D.= Tooling  Dimension 


Bolts  Siae  A 

0.563  (K«) 
0.626(H) 


Threads 
per  Inch 


*Limit6  A 


18 


0.6625 
0.6680 
0.6260 
0.6200 


0.876  m 

0.038  (^Vi%) 


(f.818(K«) 
0.344  (i^i) 


H 


1  Owrl 


Body  length  L  «  Vi 

Length  of  thread  T  - ?! 

All  threads  U.  S.  Form.    if=»(A/2+V^)  in.    All  dimensions  In  Inches. 
'Finished  size  including  plating  or  mst-pre venting  treatment  when  used.    Bur- 
liin  of  Standards  rpcommends  0.001  in.  as  thlckoesff  of  plating  for  rust  prevention 


Digitized  by  VjOOQIC 


aeronautic  division  report  31 

Clamps  and  Fittings  for  Rubber  Hose 

In  order  to  comply  with  present  practice  and  utilize 
existing  hose  connections,  the  list  of  sizes^  now  stand- 
ardized by  the  Society  are  recommended  for  aeronautic 
practice. 

Airplane  Engine  Testing 

The  recommendation  on  engine  testing  was  adopted 
by  the  Society,  but  in  the  final  letter  ballot  several  nega- 
tive votes  were  accompanied  by  comments  indicating 
that  developments  in  the  art  had  rendered  the  proposal 
obsolete,  even  in  the  short  interim  between  its  formula- 
tion and  adoption.  The  Aeronautic  Division  has  there- 
fore taken  the  subject  under  consideration  in  order  to 
revise  its  report  in  accordance  with  up-to-date  practice. 

The  following  test  specifications  are  divided  into  two 
classes,  one  a  Routine  Factory  Test  and  the  other  a  Type 
Test. 

Routine  Factory  Test  for  Fixed  Engines 
(Low  or  Normal  Compression) 

Test  No.  1  Engines  may  be  run  in  by  such  methods 
as  are  found  most  satisfactory  for  each  type  of  engine, 
but  must  not  be  run  under  own  power  over  ten  hours 
before  the  first  official  test. 

Test  No.  2      Engines  with  compression  ratio  of  5  or 


Engine  will  be  mounted  on  a  torque  stand  or  stationary 
stand  and  fitted  with  club  or  propeller,  properly  calibrated 
for  rated  load  at  rated  speed.  Engine  will  be  fitted  with 
all  the  accessories  that  are  to  be  supplied  by  the  engine 
manufacturer.  If  started  by  hand,  it  must  in  every  at- 
tempt be  started  within  5  min.  by  one  man. 

Test  will  consist  of  four  hours'  continuous  running  at 
rated  power  and  rated  speed.  All  readings  required  shall 
be  recorded  on  S.  A.  E.  standard  log  sheet  every  ten 
minutes. 

(a)  The  test  must  be  continuous  and  in  case  of  a 
stop  occurring  during  the  first  hour,  the  run  will  be 
repeated. 

(b>  In  case  of  a  stop  occurring  after  the  first  hour 
and  not  due  to  a  fault  of  the  engine,  the  run  will  be 
continued,  but  the  inspector  may  require  an  extension 
of  the  running  time  equal  to  twice  the  time  lost. 


•See  S.  A,  B.  Tranbaotiomb,  Part  T.  p.  17.  or  S.  A.  E.  Handbook, 
Vol.  I.  Bh.  87 


Digitized  by 


Google 


32  Tui:  soci£Ty  of  automotive  engineers 

When  a  stop  occurs  at  any  time  due  to  a  fault  of  the 
engine,  the  inspector  may  require  the  complete  run  to 
be  repeated. 

(c)  No  manipulation  of  the  engine,  while  running, 
will  be  allowed,  except  such  as  can  be  made  by  a  pilot 
from  his  seat.  Replenishing  of  gasoline  and  oil  supplies 
and  regulating  of  the  cooling  water  temperature  are 
allowable. 

Engine  will  be  dis-assembled,  inspected,  and  if  all  parts 
are  accepted,  it  will  be  re-assembled.  If  in  the  opinion 
of  the  inspector,  parts  must  be  replaced,  he  may  require 
the  whole  or  a  portion  of  the  run  to  be  repeated. 

Test  No.  3  Engine  with  all  the  accessories  that  are 
to  be  supplied  by  the  manufacturer  will  be  mounted  on 
a  torque  stand  and  fitted  with  a  club  or  propeller,  prop- 
erly calibrated.  It  will  be  given  a  continuous  run  of  one 
hour  at  not  less  than  rated  power  and  rated  sjieed.  All 
readings  required  shall  be  recorded  on  S.  A.  E.  standard 
log  sheet  every  ten  minutes. 

After  this  test  the  engine  shall  be  cleaned  and  in- 
spected and  put  into  condition  for  shipment.  If  satis- 
factory, the  engine  shall  be  stamped  by  the  inspector. 

Note — If  desired,  the  horsepower  may  be  corrected  for 
air  temperature  and  barometric  pressure.  In  such  cases 
the  power  will  be  corrected  to  a  surrounding  air  tempera- 
ture of  59  deg.  fahr.  (15  deg.  cent.)  and  normal  sea  level 
pressure  which  is  29.92  in.  (760  mm.)  of  mercury  at  82 
deg.  fahr.  (0  deg.  cent.)  and  at  45  deg.  latitude.  In  case 
of  question  the  corrected  power  shall  govern. 
(High  Compression) 

Test  No.  2A  Engines  with  compression  ratio  of  5  or 
more. 

Engine  will  be  prepared  as  under  Test  No.  1  and  No.  2. 

This  test  will  consist  of  four  hours'  continuous  running 
at  8/10  rated  load  and  rated  speed.  Otherwise  this  test 
will  be  the  same  as  No.  2  and  the  same  rules  will  apply. 

Dis-assembly  and  inspection  will.be  the  same  as  in 
Tests  No.  2  and  No.  3. 

Test  No.  SA  This  will  be  the  same  as  No.  3  but  at 
8/10  rated  load  and  at  rated  speed. 

After  this  test,  the  engine  will  be  inspected  and  ac- 
cepted as  in  Routine  Test  No.  3. 

Type  Tests  for  Fixed  Engines 
(Low  or  Normal  Compression) 

The  first  engine  of  a  type  and  one  out  of  each  hundred 
in  production  will  be  tested  under  the  following  con- 
ditions : 
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The  selection  of  the  engine  shall  be  made  by  the  in- 
spector without  previous  notice  to  the  manufacturer. 

The  engine  must  not  run  under  its  own  power  over 
ten  hours  before  the  first  official  test  and  must  be  taken 
from  regular  production.    (See  Routine  Test  No.  1) 

Teat  No.  4  Engines  with  compression  ratio  of  5  or 
less. 

The  engine  is  to  be  mounted  and  equipped  as  in  Routine 
Test  No.  2  and  fitted  with  a  club  or  propeller  properly 
calibrated. 

Total  running  time  shall  be  fifty  hours  divided  as 
follows : 

Five  hours  at  9/10  rated  power  and  at  rated  speed. 

(Not  over  one  hour's  stop  with  minor  adjustments 
allowed) 

Five  hours  at  9/10  rated  power  and  at  rated  speed. 

(Not  over  13  hours'  stop  during  which  engine  may  be 
dis-assembled,  overhauled,  carbon  removed,  valves  ground 
and  adjusted,  magnetos  and  spark-plugs  cleaned  and 
adjusted.  No  adjustment  or  replacement  of  major  parts 
is  allowed.  Any  multiple  part,  such  as  a  valve,  may  be 
replaced  when  replacement  is  made  necessary  through 
defective  material.  In  no  case,  however,  shall  more  than 
one  such  part  be  replaced  during  the  entire  fifty  hours) 

Five  hours  at  9/10  rated  power  and  at  rated  speed. 

(Not  over  one  hour's  stop  with  minor  adjustments 
allowed) 

Five  hours  at  9/10  rated  power  and  at  rated  speed. 

(Not  over  13  hours'  stop  and  same  work  allowed  as 
before) 

Five  hours  at  9/10  rated  power  and  at  rated  speed. 

(Not  over  one  hour  stop  with  minor  adjustments 
allowed) 

Five  hours  at  rated  speed  and  at  rated  power. 

(Not  over  13  hours'  stop  and  same  work  allowed) 

Five  hours  at  rated  speed  and  at  rated  power. 

(Nqt  over  one  hour's  stop  with  minor  adjustments) 

Five  hours  at  rated  speed  and  at  rated  power. 

(Not  over  13  hours'  stop  and  same  work  allowed) 

Ten  hours  at  rated  power  and  at  rated  speed. 

Rule  (c)  under  Routine  Test  No.  2  will  apply  to  each 
run.  In  case  of  a  forced  stop  during  any  of  above  runs, 
rules  (a)  and  (b)  under  Routine  Test  No.  2  will  apply. 

If  the  stop  is  due  to  a  failure  of  any  multiple  part 
such  as  a  valve,  the  part  may  be  replaced,  provided  such 
failure  is  due  to  defective  material  and  a  similar  part 
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has  not  previously  been  replaced  since  the  50-hr.  test 
was  started. 

During  complete  run  all  required  readings  must  be 
recorded  on  S.  A.  E.  standard  log  sheet  every  ten  min- 
utes The  mean  power  (see  note  under  Routine  Test 
No.  3)  must  not  fall  below  the  rated  power;  and  gaso- 
line and  oil  consumption  must  not  exceed  the  prede- 
termined maximum. 

After  the  test  is  completed,  the  engine  is  to  be  dis-as- 
sembled  and  if  acceptable  to  the  inspector,  may  be  re- 
assembled after  replacing  any  parts  that  the  inspector 
may  designate. 

Test  No.  5  The  engine  is  to  be  mounted  in  a  body 
(fuselage)  or  tilting  stand  and  fitted  with  propeller. 
With  the  axis  of  the  engine  making  15  deg.  with  hori- 
zontaly  it  is  to  run  at  full  power  and  full  speed  for  fifteen 
minutes.  Then  without  altering  speed  or  any  part,  or 
adjustment,  the  axis  is  to  be  brought  again  horizontal 
and  then  tilted  to  15  deg.  in  the  opposite  direction  and 
run  fifteen  minutes. 

If  this  test  is  satisfactory,  the  engine  will  be  put 
through  Routine  Test  No.  3  except  that  the  running  time 
shall  be  thirty  minutes  instead  of  one  hour.  After  this 
test,  the  engine  will  be  inspected  and  accepted  as  in 
Routine  Test  No.  3. 

(High  Compression) 

Test  No.  4A  Engines  with  compression  ratio  of  5  or 
more. 

This  test  will  be  the  same  as  test  No.  4  but  the  first 
five  runs  shall  be  made  at  7/10  rated  load  and  at  rated 
speed.  The  next  four  runs  will  be  made  at  8/10  rated 
load  and  at  rated  speed. 

Dis-assembly  and  inspection  will  be  the  same  as  in 
Tests  No.  4  and  No.  5. 

Test  5A  Engine  will  be  put  through  a  test  the  same 
as  No.  5  but  at  8/10  rated  load  and  at  rated  speed. 

If  the  engine  passes  Test  5A  it  will  be  put  through 
Routine  Test  No.  3 A  except  that  the  running  time  will 
be  thirty  minutes  instead  of  one  houf.  This  engine  will 
then  be  inspected  and  accepted  as  in  Routine  Test  No.  3. 

AmpLANE  EnginI:  Testing  Form 

Name  and  Model Date  of  Test 

Manufacturer    » 

(All  dimensions  to  be  given  in  inches) 

(1)  General  Type Cycle       

(2)  No.  of  Cycle Bore     Strol        
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Piston  DispL  per  Cyl cu.  in.    Total cu.  in. 

(3)  Compression  Vol.   (Vc) cu.  in. 

Total  Vol.  of  Cyl.  (V) cu.  in. 

Compression  Ratio  =  ( V©  -5-  V) Compression 

Pressure lb.    At r.p.m. 

(4)  Type  of  Cyl Mat'l 

(6)  Type  of  Valves Location 

(6)  Cooling  System Type  of  Pump 

Capacity lb.  per  min.  at eng.  r.p.m. 

Weight  of  Water  in  Cyl.  Jackets lb. 

Water  Space  bet.  Jacket  and  Cyl.,  Top. .  Bottom. . 

(7)  Piston,  Type Mat'l 

Weight  without  Pin  and^  Rings With  Pin 

and  Rings ? 

Distance  from  center  of  Pin  to  top  of  Pistpn 

Length,  over  all. .    Clearance  Main  Body. .    Top. . 

Length  Piston  Clearance  at  Head 

Length  Relieved  Portion  at  Center  if  any 

(8)  Piston  Rings,  No.  per  Piston. .   Type. .   Width. . . 

(9)  Connecting-Rod  Type Mat'l 

Length,  c.  to  c Weight,  Upper  end 

Lower  end Total 

No.  Bolts,  Lower  End Dia.  Bolts 

Mat'l Weight  complete  with  Bearing 

(10)  Piston-Pin  Bearings,  dia. . .    Length. . .    Mat'l. . . 
Location Method  of  fastening  Pin  in 

Rod  or  Piston Weight  of  Pin 

(11)  Connecting-Rod  Bearing,  dia. .   Length. .   Mat'l. . 

T3i>e Weight Method  of  Adjustment 

Method  of  Holding  Bearing  in  Rod 

(12)  Crankshaft,  Type Weight 

No.  of  Bearings. .  Dia.  Main..  Length  of  Front. . 

Length,  Intermediate Length,  Rear 

Method  of  Adjusting  Bearings 

No.  of  Bolts  each  Bearing. . .   How  held  in  Case. . . 

Dia.  Hole  in  Main  Bearings In  Crankpins 

Dia.  Hole  in  Crankpins Dia.  Hole,  Main 

Bearings 

Cheek  Thickness  next  to  Propeller  End 

Cheek  Thickness  of  Balance  of  Crank 

Dia.  of  Shaft  through  Radial  Bearing 

No.  of  Radial  Bearings No.  of  Thrust 

Bearings 

Type  of  Thrust  Bearing. .  If  Direct,  what  Type. . 
Propeller  Mounting. .  Length  of  Taper. .  Dia. . . 
Method  of  Holding  Propeller  Hub 
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No.  of  Hubs If  Geared,  how  is  Gear  held 

to  Shaft 

If  Taper,  give  Length in.    Dia in. 

Is  Radial  used  in  addition  to  Plain  Bearing 

(13)  Camshaft  Bearings,  No Dia in. 

Material Lengths in. 

(14)  Type  of  Cams Type  of  Valve-Lifters 

(15)  Inlet  Valves,  No.  per  Cyl o.d in.    Port 

dia in. 

Lift in.    Seat  Angle deg. 

(16)  Exhaust  Valves,  No.  per  cyl o.d in.  Port 

dia in.    Lift. . .  .in.    Seat  angle. . .  .deg. 

(17)  Weight  of  Valve  Reciprocating  Parts,  Inlet lb. 

Exhaust lb. 

(18)  Valve-Spring  Tension,  Inlet  open lb.    Closed 

lb. 

Exhaust  open lb.      Closed lb. 

*(19)  Valve-Timing,  Inlet  opens deg.  before 

(after)  Top  Center* 

Closes. . . . ; deg.  after  Lower  Center 

Exhaust  opens deg.  before  Lower  Center 

♦Closes deg.  before  (after)  Top  Center 

(20)  Geared  Drive,  Pitch No.  Teeth  Crankshaft 

Gear 

No.  Teeth  Propeller  Gear Width  of  Face 

Type  Gear Mat'l 

(21)  Propeller-Shaft,  Type  Thrust  Bearing 

No Radial  Bearing,  Front Rear 

Type  of  Propeller-Hub  Mounting. .  .No.  of  Hub. . . 

Carburetion 

(22)  Carbureter,  Nanie Model 

(23)  Specification  (size  of  nozzles,  etc.) 

(24)  How  Heated. 

(25)  General  Principles  of  Operation 

(26)  Description  of  Intake  Pipe •. 

Ignition 

(27)  Name System Type 

(28)  Type  of  Distributor Firing  Order 

(29)  Type  of  Breaker 

Maximum  Spark- Advance . .  .deg.     Retard deg. 

(30)  Spark-Plugs,  Name Type 

No Size 

Lubrication 

(32)  Type Description , 

Pressure   used 

(33)  Main  Bearing  Hub 

(34)  Crankpin 

(35)  Cylinder 


Digitized  by  VjOOQIC 


AERONAUTIC  DIVISION   REPORT 


87 


(36)  Method  of  Oil  Cooling 

(37)  Oil  Container. . ! Capacity. 

(38)  Pump Type 

(39)  Oil  used 


Engine  Weight  Specifications 

Manufacturer 

Model 


.mm. 


.liters 


Bore in mm.       Stroke in.. . 

No.  of  cyl .•     Type 

Piston  displacement cu.  in 

Compression  ratio 

Horsepower at r.p.m.     Computed  at 

standard  barometric  pressure  29.92  in.  (760  mm.)»  32 
deg.  fahr.  (0  deg.  cent.),  45-deg.  latitude  at  sea  level. 

Gasoline  consumption lb kilo,  per  hr.  at  above  hp. 

Oil  consumption lb kilo,  per  hr.  at  above  hp. 

Propeller  speed r.p.m.  at  above  engine  speed 

Weight  of  engine — dry lb kilo. 

The  weight  of  the  engine  includes  the  following : 

1  Ignition  Service  magneto.  Wire  and  wire  sup- 
ports, (or)  Battery  ignition  distributor  and  coils,  wire 
and  wire  supports.    Spark-plugs. 

2  GENERATtMi  (if  used)  attached.  With  cut-out  and 
ammeter. 

6  Carbureters 

7  Inlet  Pipes 

Note. — ^Numbers  refer  to  parts  sriven  In  following  schedule: 

Comparison  of  standard   water-cooled  engines,  with  rotary  and 

fixed  air-cooled  types,  may  be  made  by  means  of  schedule  of  weights. 

.  Give  all  weights  in  the  following  schedule  in  the  proper  column, 

and  give  names  and  weights  of  any  other  necessary  parts  not  listed. 


Marie 
X 

if 
No 
Uted 


Equipment 


Manu- 
factured 
by 


weights 


Included 

in  Above 

Engine  Wt. 


Lb.      Kilo. 


Not  Included 

in  Above 
Engine  Wt. 


Lb.       Kilo. 


|1  Ignition 

!  a^Servioe  magneto  (No. 
qaiied . . .  rTVwith  attach- 
ing bolts  or  clamps,  and 

complete  drive 

Wire  and  wire  eupporta 

Switch 

b-Starting    magneto,    with 
attaching  bolta  or  clamps,  I 

and  complete  drive 

Wire  ana  wire  supports. . 
Switch   
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Mark 

X 
if 

Not 
Used 


Equipm^t 


Manu- 
factured 
by 


WEIGHTS 


Included  . 

in  Above 

Engine  Wt. 


T 


Lb.    I  Kilo. 


Not  Included 

in  Above 

Engine  Wt. 


Lb.      Kilo. 


c-Battery  ignition  distribu- 
tor (No.  required ), 

with  boltfl  or  clamps  and 

complete  drive 

Coil  (No.  required, )[ 

Wire  with  wire  supports . . 
Switch 

d-Battery  ' 

(Capacity amp.  hr.) . 

(VoItaRe )| 

Box,  hold-down  clamp 
and  cover I 

e-Spark-plugs  (No.  required 


.). 


2    Generator 

(Typ>e  of  regulation ) 

a-Completo    with     cut-out. 
regulator,  drive,   bolts  or 

clamps 

Is  ignition  distributor  in- 
cluded?   

b- Ammeter  (or  voltmeter) .  I 


3   Electric  Starter 

a-Motor      with      gearshift 

drive,   mounting  brackets, 

strap,  bolts  and  terminals 

fstarting  wire  on  body) . .  . 

b-Starting  batterj-  | 

(Capacity amp.  hr.)  . 

(VoiUge -. .) 

Terminals 

Switch 

Box  and  hold-down  clamps  j . 


4    Compressed  Air  Starter 
a-Starter    and     eompressor 
complete    with    gearshift, 
drive,  and  all  piping  ex- 
cept between  starter  and 

tank 

b-Air    storage     tank     with 

•    straps 

c-Control  valve 

d-Pipc  couplings i . 

(piping  on  body) 


5  Hand-Starting  Cranks  i 
Including  attaching  bolts 
and  nuts 


Carbureters 

(No.   required ), 

with  .%'taching  bolts  and 
nuts 


7    Inlet  P.pes 

With  b  >lts  and  nuts . 


I  I 


8    Hot-Air  Pipes  or  Stoves 


9   Exhauf  t  Pipes 

With  I'mges  and  attach- 
ing  bol  B  and  nuts 
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j 
Equipment 

1 

Manu- 
factured 
by 

WEIGHTS 

Mark 
X 

if 
Not 
U«ed 

Included 

in  Above 

Engine  Wt. 

Not  Included 
Engine  Wt. 

Lb. 

Kilo. 

Lb. 

KUo. 

10 

MuiBen 
(No.  requirad )..  . 

1 

....    ^ 



11 

PropelleivHub 
Complete  with  bolte  and. 
nute [ . 

1 

12 

Gaeoline  Air-Preaetire 

With  drive,  bolte  and  nuts; 
(piping  on  Ixiiy) , . 

-   i 

13 

Gaeoline  Pump                 ' 
With  drive-bolta  and  nuts 

14 

Tachometer  (3ear  Drive 
on  Engine .......  ^  ......  i  - 





15 

ic" 

Water  Rarliator 

{No.  TOQuirBd V  . 

water    radiator    conneo- 

Hrma  fn  Anann*  m&nlfoMa 

. . . 

17 

OU  Radiator  or  Tank 

i 

18 

OU  Capadty  of  Oank-' 
caao         

....  1 

10 

Water  Capacity  of  Jack- 
ets. Pumpe  and  Manifolds  . 

1 

20 

Water  Capacity  of  Radi- 
ators       

1 

21 

1 

22 

1 

■ '         ' '  ■   1 ' 

1 

23 

1 

24 

25 
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Spark-Plug  Shell  Dimensions 

The -thread  is  to  be  18  mm.  with  1%  mm.  pitch. 

The  form  of  thread  should  be  the  International  stand- 
ard (same  as  U.  S.  standard,  except  that  truncation  is 
one-half  as  much  at  root  of  thread). 


frjUjOr^. 


(Tjojorft^ 


Spark-Plug  Shell  Dimensions 


Maxiuuii 


Dinien8ion 


A 
B 
C 
D 
E 
F 

<; 

H 
J 


Mm. 


18.03 
16.87 
15.87 
15.87 
17.97 


1.98 
1.19 


In. 


0.710 
0.664 
0.625  m 
0.625 
0.708 


0.078  i%A) 
0.047  (%4) 


MmmrM 


Mm. 

In. 

17.93 
15.87 
15.87 

0.706 
0.625 
0.625(H) 

17. '85" 

23.83 

2.38 

0.703   ■ 
0.938  (t*iO 
0.094  (%«) 
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Diameter 

Maximum 

Minimum 

Mm. 

In. 

Mm. 

In. 

Outnde 

Pitch 

17.976 
17.001 
15.861 

0.70768  (0.708) 
0.66933  (0.669) 
0.62457  (0.625) 

17.850 
16.876 
15.739 

0.70275  (6.708) 
0.66441   (0.664) 

Root 

0.61964  f 0.620) 

Tapped  Hole  Dimensions 


Diameter 

Minimum 

Mm. 

In. 

Mm. 

In. 

Outside 

Pitch-. 

18.325 
17.176 
16.201 

0.72146  (0.721) 
0.67622  (0.676) 
0.63783  (0.638) 

18. 187 
17.051 
16.076 

,  0.71603  (0.716) 
0.67124  (0.671) 

Root 

0  63291  (0  633) 

The  limits  for  spark-plufr  threads  as  shown  in  the  accompanying 
table  have  been  reported  as  adopted  by  the  (British)  Engineering 
Standards  Committee 

The  standard  thread  for  spark-plug  terminal  is  No.  8-82  (0.164 
dia.),  A.  S.  M.  B.  standard 


Bevel  Washers 


Anqt€  ' 


Dimensions 

OF  Squark  and  Round  Bevel  Washers 

BoltSisi^ 

R 

D 

L 

No.   4(0.112) 

No.  81  (0.120) 
No.  26  (0.147) 

% 

% 

No.    6(0.138) 
No.    8^0.164) 

Yi« 

H 

No.  17(0.173) 
No.    8(0.199) 

>Hs 

»H« 

No.  10(0.190) 

H 

iHs 

No.  12  (0.216) 

No.    1  (0.228) 

9i< 

»%t 

M 

1%4 

H 

»Hi 

Mf 

^yu 

Mi. 

«H« 

H 

>%« 

K 

Mil 

Tie 

«%« 

»*4« 

% 

Vt 

»%4 

1 

V, 

*The  TSlues  of  the  angles  aie  6,  12.  24  and  36  dec.  for  all  sisee 
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DISCUSSION  AT  STANDARDS  COMMITTEE  MEETING 

C.  M.  Manly  (M.  S.  A.  E.) :— So  much  change  is  like- 
ly to  develop  in  aeronautical  ¥rork,  owing  to  the  rapid  ad- 
vancement of  the  art,  and  the  many  things  have  had  to 
be  codiliedy  that  it  seemed  unwise  to  adopt  standards 
which  might  have  some  flaws  in  minor  or  even  in  major 
particulars  and  soon  afterward  have  to  withdraw  them. 
We  therefore  recommended  that  the  specifications  be 
adopted  as  S.  A.  E.  Recommended  Aeronautic  Practice 
instead  of  as  Standard. 

Types  of  Dopes 

The  recommendations  for  both  the  cellulose  acetate  and 
nitrate  dopes  have  been  studied  by  a  subdivision  headed 
by  Doctor  Smith  of  the  Bureau  of  Standards.  I  will 
ask  him  to  comment  on  them. 

Dr.  W.  H.- Smith:  The  specifications  are  not  ideal,  but 
they  are  pratctical.  The  Signal  Corps  is  drawing  up 
specifications  for  its  own  use,  taking  these  as  a  basis  and 
incorporating  certain  changes  which  are  necessary,  owing 
to  the  organization  of  an  Inspection  Department.  We 
hope  later  to  incorporate  a  baking  test  for  the  deter- 
mination of  durability. 

These  specifications  will  also  be  used  by  the  Interna- 
tional Aircraft  Standards  Board  in  drawing  up  specifica- 
tions on  dope.  One  important  change  which  the  Signal 
Corps  has  made  is  the  absolute  exclusion  of  tetrachlore- 
thane  from  dopes. 

Round  High  Strength  Steel  Wire 

Mr.  Manly:  Two  different  committees  worked  on  the 
drawing  up  of  the  specifications  for  round,  high-strength 
steel  wire  for  aeronautics  and  later  on,  the  International 
Aircraft  Standards  Board.  At  the  time  the  original 
specifications  were  brought  out  the  sizes  of  wire  manu- 
factured were  limited  in  number,  but  since  then  they 
have  been  extended  materially  to  include  both  smaller 
and  larger  sizes.  The  original  torsion  test  was  so  se- 
vere for  the  larger  sizes  that  it  was  impossible  to  get 
them  to  pass  it. 

Standards  Manager  M.  W.  Hanks  (M.  S.  A.  E.) : 
The  original  torsion  test  specification  called  for  the  num- 
ber of  turns  to  equal  1.1  divided  by  the  diameter  of  the 
wire.  When  the  International  Aircraft  Standards  Board 
took  up  the  subject  it  changed  the  specification  so  that  it 
was  2.7  instead  of  1.1,  which,  of  course,  permits  a  greater 
number  of  turns. 
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John  V.  Costello  (M.  S.  A.  E.) : — It  is  possible  that 
somethinsf  in  this  specification  will  be  changed  by  the 
Signal  Corps.  It  would  be  better  before  adopting  it  to 
arrange  for  some  one  to  work  with  representatives  of 
the  Signal  Corps. 

E.  T.  BiRDSALL  (M.  S.  A.  E.) : — It  seems  to  me  that 
different  sizes  of  wire  require  different  numbers  of  turns. 
It  is  a  question  of  fiber  stress  on  the  surface. 

Mr.  Manly: — The  only  question  is  whether  it  should 
be  2.7  divided  by  the  diameter  in  inches  or  some  other 
particular  decimal. 

Non-Flexible  19  Steel  Wire  Cable 

Mr.  Manly  : — Mr.  Horn  of  the  John  A.  Roebling's  Sons 
Co.  states  that  non-fiexible  steel  wire  cable  is  referred  to 
as  galvanized  wire  in  the  United  States  Government 
specifications.  The  Grovernm^t  insists  on  ^ving  the 
wire  tinned.  Mr.  Horn  contends  that  galvanized  wire  is 
really  superior  to  tin^^oated  wire  and  that  specifying  tin 
in  place  of  galvanized  wire  would  really  not  give  as  high 
a  grade  of  material.  Some  of  the  members  of  the  Inter- 
national Aircraft  Standards  Board  insisted  on  having 
tin  rather  than  galvanizing. 

F.  G.  Ericson  (M.  S.  a.  E.)  : — Galvanizing  is  not  as 
good  a  coating  on  the  wire.  None  of  the  foreign  repre- 
sentatives would  agree  to  adopt  the  galvanized  wire, 

Mr.  Manly: — On  the  other  hand,  the  United  States 
Government  would  not  use  the  tinned  wire.  The  Roebling 
Company  is  now  called  upon  to  make  both.  So  long  as 
the  different  Governments  are  in  disagreement  on  this 
subject  I  think  the  Society  ought  to  take  the  middle 
ground  and  recommend  both. 

Mr.  BiRDSALL : — I  know  very  little  concerning  the  ap- 
plication of  airplanes  but  do  know  about  shipping.  We 
have  always  believed  that  galvanizing  weakens  a  wire 
cable  or  a  chain  cable,  and  I  think  tests  will  show  that 
when  the  wire  rigging  of  ships  is  galvanized  the  strength 
is  much  less  than  that  of  plain  steel  wire.  Galvanizing 
weakens  a  wire,  a  rod  or  a  chain. 

Mr.  Manly: — Is  that  hot,  or  electro-galvanizing? 

Mr.  BiRDSALL: — Hot  galvanizing;  it  seems  to  have  an 
effect  on  the  surface  of  the  steel. 

T.  B.  Farnsworth  (M.  S.  A.  E.) :— I  suggest  that  the 
words  "hot  galvanized"  be  added.  If  the  wire  is  electro- 
galvanized,  it  may  not  be  accepted.  Why  not  let  the  man- 
ufacturer know  at  the  start  what  he  is  to  produce? 

Mr.  Manly: — ^We  had  that  same  question  up  in  con- 
nection with  thimbles.     The  Navy  Department  wanted 
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them  hot  galvanized  but  we  left  the  specifications  to  read 
"galvanized." 

Mr.  Farnswobth  : — It  is  true  that  there  is  an  electro- 
Ijrtic  action  on  any  galvanized  surface  exposed  to  salt  air. 
I  would  specify  hot  galvanizing  in  the  beginning  because 
there  is  no  question  about  that  being  the  best. 

Mr.  Manley: — That  may  be  true  in  the  navy,  but  not 
in  the  army.  I  think  we  had  better  leave  just  the  word 
"galvanized." 

(The  amendment  to  insert  the  words  "or  galvanized" 
was  carried) 

Mb.  Birdsall: — I  suggest  adding  a  footnote  stating 
that  the  customer  shall  specify  whether  hot  or  electro- 
galvanizing  is  to  be  employed. 

Mr.  Manly: — I  want  to  call  the  manufacturers*  atten- 
tion to  the  fact  that  there  is  a  preference  in  connection 
with  the  ^plication  of  galvanizing  and  that  everybody  is 
not  agreed  as  to  the  method.  I  am  willing  to  have  the 
footnote  read,  "The  method  of  galvanizing,  if  used,  is  to 
be  specified  by  the  customer." 

(It  was  voted  to  add  this  footnote  ) 

Extra  Flexible  7  by  19  Steel  Wire  Cable 

Mr.  Ericson  : — It  is  not  specified  exactly  how  this  7  by 
19  wire  cable  is  to  be  made.  The  wire  made  by  Roebling 
to  this  specification  is  of  peculiar  construction,  con- 
sisting of  three  different  sizes  of  wire.  Some  manufac- 
turers hold  that  to  be  the  reason  why  this  cable  has  such 
high  strength.  The  English  7  by  19  wire  cable  is  of  30 
per  cent  less  strength  owing  to  the  difference  in  its  con- 
struction.    It  is  not  quite  as  flexible  as  the  regular  wire. 

Mr.  Manly: — ^We  are  not  particularly  interested  in 
construction  so  long  as  the  desired  strength  and  degree 
of  flexibility  are  obtained.  If  possible,  I  would  rather 
specify  the  degree  of  flexibility  than  tell  the  manufacturer 
how  to  make  his  cable. 

I  would  suggest  that  we  change  the  wording  of  the 
second  paragraph  under  the  section  "Manufacture"  from, 
"It  is  to  be  understood  that  the  strand  composing  this 
cable  must  necessarily  be  composed  of  wires  of  the  same 
diameter,"  to  read:  "It  is  to  be  understood  that  the 
strand  composing  this  cable  must  not  necessarily  be  com- 
posed of  wires  all  of  the  same  diameter." 

(It  was  voted  to  accept  this  amendment) 

Mr.  Birdsall: — I  do  not  find  any  test  for  elongation 
on  these  stranded  cables.  Stranded  cables  have  consid- 
erable elongation  under  strain  and  those  with  cotton  or 
hemp  cores  have  still  more  elongation.    With  the  varia- 
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tion  of  core  and  of  lay  there  might  be  a  great  variation  in 
the  strength  of  standard  cable  when  strained. 

Mr.  Manly: — The  elongation  of  the  material  is  taken 
care  of  by  the  torsion  and  bending  tests.  There  has 
been  no  specification  covering  the  amount  of  permissible 
elongation  On  the  cable  test;  this  is  duf  to  the  fact  that 
all  this  cable  is  apt  to  be  stretched  to  50  per  cent  of 
the  breaking  point  before  it  is  applied.  That  is  supposed 
to  take  the  initial  stress  out  of  the  cable.  Of  course,  it 
would  affect  the  user  if  he  were  getting  cables  of  various 
degrees  of  "stretchability."  If  the  wire  manufacturer 
should  supply  wire  which  gives  trouble  in  that  way,  he 
would  hear  from  the  airplane  manufacturer  without 
delay.  I  think  it  is  better  to  leave  this  question  to  the 
wire  manufacturers. 

Reels  for  Cable 

The  cable  reel  specifications  were  prepared  to  facili- 
tate stockroom  storage.  Dimensions  are  immaterial,  so 
long  as  those  given  in  the  table  are  not  exceeded.  If 
it  is  desired  to  lighten  these  reels  it  would  not  make 
any  difference  as  long  as  they  have  the  core  and 
outside  diameters  and  the  specified  traverse,  so  that  they 
can  be  stored  in  the  same  stockroom  space. 

Rubber  Hose  for  GcLsoline 

J.  C.  TuTTLE  (M.  S.  A.  E.) :— Under  the  heading, 
"Chemical  Properties,"  the  first  paragraph  reads:  "No 
organic  matter  other  than  Para  or  plantation  rubber  shall 
be  used  in  the  preparation  of  thi,s  hose."  Some  manufac- 
turers have  secured  an  excellent  product  by  the  use  of 
material  other  than  rubber,  therefore  I  suggest  that  this 
paragraph  be  changed  to  read :  "If  organic  matter  other 
than  Para  or  plantation  rubber  be  used,  the  amount*  and 
the  identity  of  such  material  shall  be  stated."  Then  if  a 
manufacturer  proposes  to  use  something  that  we  know  to 
be  poor,  we  can  take  care  of  it  before  anything  is  done  on 
production.  ^ 

In  the  next  sentence  is  the  statement,  "The  percentage 
of  rubber  shall  not  be  less  than  32."  The  Subdivision 
that  prepared  the  specification  is  unanimous  in  desiring 
that  this  be  changed  to  read,  "The  percentage  of  rubber 
shall  not  be  less  than  25." 

J.  E.  Hale  (M.  S.  A.  E.) : — It  is  customary  for  the 
Government  departments  to  require  that  in  certain  cases 
the  material  used  in  a  particular  product  be  specifically 
named.  I*do  not  think  it  is  necessary  to  handle  anjrthing 
in  that  way  in  the  S.  A.  E.  specifications,  and,  further- 
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more,  there  will  be  trouble  in  getting  this  information. 

The  physical  tests  on  this  tubing  are  rigid,  and  I  know 
positively  that  if  any  tubing  can  pass  the  gasoline  tests, 
and  the  flexibility,  structure  and  aging  tests,  it  will  be 
amply  safeguarded  in  quality.  For  these  reasons  I  object 
to  requiring  rub];>er  manufacturers  to  disclose  the  nature 
of  any  organic  substances  used. 

Mr.  Manly: — I  do  not  know  that  we  want  to  require 
a  manufacturer  to  disclose  trade  practices  in  connection 
with  his  material,  provided  it  meets  the  tests  specified 
and  provided  those  tests  do  cover  the  securing  of  a  suit- 
able result  in  the  form  of  hose. 

Mr.  Tuttle: — I  object  to  leaving  the  composition  of 
the  material  so  open  that  the  manufacturer  is  free  to  do 
just  as  he  pleases,  because  all  tests  are  made  on  the  fin- 
ished article  and  do  not  cover  service.  The  manufacturer 
niay  use  material  that  will  meet  every  test  we  can  specify 
and  still  fail  in  practice.  We  must  cover  this  subject 
one  way  or  another,  it  seems  to  me,  either  by  letting  it 
stand  or  by  requiring  that  if  the  manufacturer  departs 
from  our  specification,  he  state  just  what  his  depar- 
ture is. 

Mr.  Manly: — Cannot  these  tests  be  so  changed  as  to 
insure  that  there  shall  be  no  substances  used  deleterious 
to  the  life  of  the  hose? 

Mr.  Hale  : — I  think  that  tests  do  not  protect  the  goods. 
The  thought  is  to  embody,  first,  the  fact  that  the  rubber 
shall  be  hevea,  wild  or  plantation;  second,  that  there 
shall  not  be  less  than  25  per  cent  of  rubber  (rubber  ad- 
hesive between  fabrics,  either  in  the  tube,  friction,  or 
cover  compounds) ;  and,  third,  the  amount  of  free  sul- 
phur shall  not  exceed  1  per  cent. 

(.On  motion,  duly  seconded,  it  was  voted  that  the  para- 
graph on. "Chemical  Properties"  be  revised  as  suggested 
by  Mr.  Hale.) 

H.  M.  Crane  (M.  S.  A.  E.) : — The  second  paragraph 
under  the  heading  "Inner  Tube,"  states:  "When  of  an 
internal  diameter  of  %  in.  or  less,  this  inner  tube  must 
be  seamless.  Tubes  of  larger  internal  diameter  may  be 
made  from  rubber  sheeting,  in  which  case  they  must 
consist  of  at  least  two  complete  turns."  Tubes  made  up 
in  that  way,  not  cemented  or  vulcanized  down  would 
probably  curl  and  close  up  if  the  weather  were  to  swell 
them  at  all.  It  is  not  clear  to  me  whether  that  specifica- 
tion refers  to  uncemented  or  unvulcanized  tubes.  I  think 
it  is  a  great  mistake  to  leave  the  rubber  loose. 

Mr.  Tuttle: — Nobody  thought  that  a  hose  could  be 
made  any  other  way  than  by  vulcanizing  it  into  one 
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complete  tube.  When  we  apply  permeability  tests,  we 
shall  find  out  what  the  term  "vulcanized  rubber"  means. 
There  is  no  doubt  about  it  in  the  manufacturer's  mind. 

Mr.  Hale: — In  manufacturing  large-size  hose  it  is 
customary  to  have  the  green  stock  rubber  in  a  sheet;  this 
is  rolled  in  two  turns  on  a  pole.  The  fabric  is  then 
wound  around  and  the  tube  put  outside  of  it.  The  rubber 
is  wrapped  in  the  green  stage  and  then  vulcanized.  The 
hose  will  be  just  as  uniform  and  homogeneous  as  though 
made  in  the  form  of  a  tube  in  the  first  place. 

Mr.  Crane  : — It  seemed  to  me  that  these  specifications 
are  composed  of  terms  understood  in  the  trade.  If 
we  allow  them  to  contain  too  much  of  what  is  expected 
to  become  practice,  there  will  he  an  opportunity  for 
inspectors  to  cause  trouble,  because  usually  they  do  not 
know  anything  about  trade  practice. 

W.  S.  Wolfe  (M.  S.  A.  E.) :— Does  not  the  fact  that 
the  inner  tube  is  to  be  made  of  rubber  free  from  fiaws 
and  cracks  cover  the  matter?  I  move  that  the  sentence 
in  question  read  as  follows:  'Tubes  of  larger  internal 
diameter  may  be  made  of  rubber  sheeting,  in  which  case 
they  must  consist  of  at  least  two  turns  and  be  formed 
into  a  complete  tube  in  the  further  processes  of  manufac- 
ture." 

(The  amendment  to  apply  to  both  specifications  was 
carried) 

Nuts  for  Aircraft 

Chairman  Utz  : — I  will  ask  Mr.  Ehrman  to  discuss  the 
subject  of  nuts.  In  the  Division  itself  we  thought  that 
the  chamfer  on  the  bottom  of  all  of  them  was  a  good 
thing. 

E.  H.  Ehrman  (M.  S.  A.  E.) : — I  have  checked  up  that 
detail,  and  find  that  the  length  of  the  hexagon  nut  with 
bottom  chamfer  is  inside  of  our  safety  point  which  is  the 
diameter  of  the  nut  divided  by  four. 

The  thickness  of  the  nut,  which  represents  the  length 
of  thread  bearing,  has  been  made  such  that  it  is  three- 
quarters  the  normal  size  of  the  bolt,  in  all  instances 
comparing  with  the  present  S.  A.  E.  castle  nut  with  the 
castellated  part  removed,  and  in  the  smaller  size,  with  the 
specifications  now  under  consideration.  In  all  of  these 
specifications,  the  nominal  size  of  the  bolt  should  be 
expressed  in  four  decimal  places,  inasmuch  as  the  inter- 
changeability  depends  upon  having  a  uniform  dimension 
from  which  to  work.  The  dimensions  expressed  in  three 
decimal  places  are  often  fifteen  thousandths  of  an  inch 
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large,  and  if  followed  it  would  be  impossible  to  have  a 
basis  for  any  standard. 

Mr.  Manly: — I  think  Mr.  Ehrman's  suggestion  in 
regard  to  the  necessity  for  expressing  the  four  decimal 
places  is  well  made.  The  basic  size  of  the  bolt  itself 
should  exceed  the  nominal  size.  It  will  cause  serious 
interference  if  it  is  not  strictly  adhered  to  in  connection 
with  the  screw  thiread. 

Mr.  Ehrman  : — I  move  to  have  all  of  the  size  A  dimen- 
sions of  nuts  and  bolts  that  are  given  in  decimals  ex- 
pressed to  the  fourth  decimal  place  and  that  wherever  the 
decimals  have  equivalent  common  fractions  the  latter  be 
shown  in  parenthesis. 

(The  motion  proposed  by  Mr.  Ehrman  was  seconded 
and  carried) 

Spark-Plug  Shell 

0.  J.  ROHDE  (M.  S.  A.  E.)  : — Some  manufacturers  are 
using  gages  to  measure  the  threads  of  the  shell  while 
others  are  using  the  thread  micrometers.  The  tap  and 
die  manufacturers  are  using  one  system  of  checking,  the 
airplane  people  are  using  a  different  system,  and  they  do 
not  agree  on  the  finished  product. 

Mr.  Manly  : — I  think  it  is  unnecessary  for  the  Society 
to  tell  people  how  to  measure  threads.  The  whole  thing 
depends  on  whether  the  gages  are  really  standard.  The 
length  of  the  threaded  portion  is  the  chief  question.  About 
as  many  different  lengths  have  been  wanted  as  there 
are  designers  of  engines,  and  the  only  thing  that  we  have 
been  able  to  agree  upon  at  all  has  been  the  length  specified 
here,  which  is  a  compromise.  We  tried  to  select  what 
seems  to  be  a  usable  length  for  proper  results,  and  it  is 
hoped  that  designers  will  commence  to  use  this  as  a 
standard.  I  believe  that  this  %-in.  length  meets  all' 
requirements  and  also  carries  away  the  heat.  I  have 
seen  some  engines  work  very  hot  under  high  compres- 
sion, and,  so  far  as  I  know,  this  length  has  been  sufficient 
to  carry  off  the  heat  in  case  it  goes  to  the  plugs. 

Mr.  Rohde  : — In  automobile  practice  the  standard  has 
been  set  now  for  a  few  years  at  %  in.  maximum  length 
and  automobile  engineers  have  gradually  swung  over  to 
that  standard.  Whenever  longer  plugs  are  required,  they 
^are  made  as  special  plugs  and  are  put  on  the  market  as 
such.  The  ability  to  conduct  heat  is  more  a  question  of 
actual  insulating  efficiency  than  of  thread  length. 

Mr.  Manly  : — It  is  a  question  of  making  the  threads 
themselves  accurate  so  that  there  will  be  an  actual  contact 
between  the  plug  thread  and  the  thread  in  the  cylinder. 
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If  the  thread  has  a  proper  slope  in  both  cases  the  %-in. 
length  will  result  in  the  heat  being  carried  away.  I  have 
not  heard  of  any  trouble  on  that  score.  There  vnll  be  as 
much  contact  with  a  loose  thread  as  with  a  tight  thread, 
if  the  thread  in  the  cylinder  and  the  thread  on  the  plug 
have  the  san^e  angle  of  slope. 

Mr.  Ehrman  : — The  chamfer  at  one  end  of  the  thread 
is  30  and  at  the  other  35  degrees.  At  an  earlier  meeting 
35  deg.  was  adopted  for  the  chamfer  at  the  lower  end 
and  presumably  for  that  at  the  upper  end.  If  some  man- 
ufacturers are  using  35  and  others  40  deg.,  why  not 
standardize  on  the  former,  so  as  to  have  a  consistent 
design,  the  angles  at  both  ends  being  the  same. 

(On  motion,  duly  seconded,  it  was  voted  to  recommend 
that  the  angle  of  chamfer  be  35  deg.  at  each  end  of  the 
thread) 

Bevel  Washers 

Mr.  Manly: — The  Subdivision  found  that  various 
bevels  are  being  used,  and  that  bevel  washers  are  expen- 
sive to  manufacture  because  of  the  milling  machine 
operations  required.  We  have,  therefore,  tried  to  work 
out  something  that  would  lend  itself  a  little  better  to 
manufacturing. 

Two  types  of  bevel  washers  are  presented,  one  the 
regular  round  and  the  other  a  square  washer.  The  value 
of  a  square  washer  is  that  by  using  the  four  angles, 
6,  12,  24  and  36  deg.,  we  obtain  bevels  to  meet  practically 
all  known  conditions,  and  certainly  can  secure  this  result 
by  combining  two  of  the  washers.  In  order  to  facilitate 
manufacture,  since  on  the  high  angles  it  is  impossible 
to  stamp  out  material  to  the  round,  a  square  washer  is 
suggested.  This  would  be  made  from  rolled  bevel  stock 
by  merely  cutting  it  off  with  a  gang-saw.  It  has  other 
very  valuable  qualities.  One  advantage  is  that  the  washer 
can  be  set  quickly,  so  that  the  line  of  the  bevel  is  placed 
in  the  direction  desired;  another  is  that  in  tightening 
down  the  nut  the  washer  is  easily  held  and  kept  from 
twisting  around. 

For  that  reason  both  the  square  and  round  washers 
are  recommended,  and  the  designer  can  determine  which 
he  prefers  to  use. 
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FIRST  REPORT  OF  MOTORCYCLE  DIVISION 
(Aa  Adopted  by  the  Society) 

THE  following  list  of  standards  is  recommended  by  the 
Division,  to  be  incorporated  in  the  Government  mili- 
tary motorcycle  specifications  for  all  service: 

Spark  control  on  military  motorcycles  shall  be  of  the 
handlebar-grip  type  placed  on  the  left-hand  side  and  so 
arranged  that  the  spark  will  be  advanced  when  the  top  of 
the  grip  is  turned  toward  the  center. 

Throttle  control  on  military  motorcycles  shall  be  of  the 
handlebar-grip  type,  placed  on  the  right-hand  side  and 
arranged  so  that  the  throttle  will  be  opened  when  the  top 
of  the  grip  is  twisted  toward  the  center. 

Kick  starters  on  military  motorcycles  shall  be  of  the 
folding-pedal  t3rpe,  so  arranged  as  to  operate  when  pushed 
down  and  back. 

(It  is  believed  by  the  Division  that  starters  cannot  be 
confined  to  a  definite  side  until  further  istandardization  of 
engines  takes  place) 

Clutch  pedals  on  military  motorcycles  shall  be  placed  on 
the  left-hand  side  and  shall  act  to  release  the  clutch  when 
the  pedal  is  pushed  forward  and  down,  clutching  by 
reverse  action. 

Brake  pedals  on  military  motorcycles  shall  be  placed 
on  the  right-hand  side  so  that  the  brake  will  be  applied 
when  it  is  pushed  down. 

Driving  Chains  on  military  motorcycles  shall  be  of  the 
roller  type,  with  %-in.  pitch;  roller  width  %  in.;  and 
roller  diameter,  0.40  in. 

Oil  and  grease  cups  on  military  motorcycles  shall  have 
an  attaching  diameter  of  5/16  inch  with  32  threads. 

Military  motorcycles  shall  have  an  engine  displacement 
of  not  less  than  60  nor  more  than  61  cubic  inches. 

Gearshifts  on  military  motorcycles  shall  be  placed  on 
the  left-hand  side  and  be  of  the  progressive  type. 

(As  several  methods  are  now  in  use  for  operating 
gearshifts,  namely  by  movement  of  the  lever  up  and  down, 
or  forward  and  backward,  with  high-gear  position  placed 
either  front  or  rear,  the  Division  considers  it  advisable 
that  further  standardization  be  held  in  abeyance  for  the 
time  being) 

Carrying  Capacity  The  maximum  sprung  load-carry- 
ing capacity  on  military  motorcycles  and  side-cars  shall 
not  exceed  500  Ib.^  this  including  the  operator;  no  load  to 
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be  atrai^d  or  attached  to  any  part  of  the  frame^of 
either  the  motorcycle  or  side-car,  except  that  two  rifles 
and  boots  nmy  be  attached  to  the  front  fork. 

Tires  on  military  motorcycles,  rear  and  side-cars,  shall 
be  of  the  clincher  type,  28  by  8  inch. 

Magneto  Dimenaiona  In  arriving  at  the  magneto  di- 
mensions recommended  below  the  leading  makes  of  mag- 
netos were  studied  and  the  space  allowed  on  the  motor- 
cycles given  careful  consideration. 

Mm.  In. 

Shaft  height   44.98  1.771 

Distance  from  center  of  front  base- 
plate holes  to  large  end  of  shaft 

taper 39.45  1.553 

Distance  from  center  of  front  base- 
plate holes  to  center  of  rear  base- 
plate holes 50.0  1.968 

Distance  between  centers  of  base- 
plate holes,  left  to  right 50.0  1.968 

Large  diameter  of  taper 13.0  0.5118 

Small  diameter  of  taper 11.2  0.4409 

Length  of  taper 9.0  0.8548 

Taper  1:5  (included  angle)   11  deg. 
^80    min.   approx.     Woodruff   key 
special  5/16  by  5/32  by  3/32-in. 
thick,  set  to  project  1/16  in. 

Height  of  magneto  space 152.4  6.000 

Length    of    magneto    space     (from 

large  end  of  shaft  taper) .... 161.93  6.875 

Width  of  magneto  space 95.25  8.750 

Width  at  brushes , 101.60  4.000 

Diameter  plain  hole  timing  lever 5.55  0.2185 

Base-plate  holes   %-in.,    16  threads 

per  inch,  U.  S.  Standard. 
Thread  for  end  of  magneto   shaft 
5/16  in.  dia.,  18  threads  per  inch 
U.   S.   form.     Length   of  thread, 
0.417  in. 
Advance  lever,  radius 50.0  1.968 

Spoke  and  Nipple  The  general  dimensions  and  toler- 
ances of  the  finished  spokes  and  nipples  for  military 
motorcycle  wheels  shall  be  as  shown  in  the  accompanying 
drawing.  The  thread  tolerance  shown  is  without  plat- 
ing. 

Threads  may  be  either  cut  or  rolled,  but  the  un- 
threaded portion  of  butt  must  remain  0,148,  +  0.003, 
—  0.000  inch. 
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SPOKS    and    NlFPUi    DIMBN8ION8 

The  nipple  is  to  be  made  from  free-cutting  steel  screw 
stock  and  is  to  be  finished  according  to  dimensions. 

Spoke-Wire  Specification  The  spoke  wire  shall  have 
the  following  chemical  content  within  the  limits  specified: 

Carbon,  0.40  to  0.55;  manganese,  not  under,  0.50;  phos- 
phorus, not  over,  0.05;  sulphur,  not  over,  0.05. 

Tolerance  of  Diameter  The  nominal  wire  diameter 
must  be  0.148,  -f-  0.000,  —  0.001  inch. 

Bend  Teat  The  wire  must  be  held  firmly  in  a  pair  of 
Jaws  so  that  it  may  be  bent  over  a  surface  having  a 
radius  of  one-half  the  nominal  diameter  of  the  wire,  and 
shall  stand  a  test  of  at  least  four  bends,  counted  as  fol- 
lows :  Holding  the  free  length  of  the  wire  loosely  between 
clamps  so  that  it  cannot  bend  except  at  the  holding  jaws, 
it  is  to  be  bent  90  deg.  over  one  jaw;  this  to  be  counted 
as  one  bend.  It  is  then  to  be  bent  up  to  its  original  posi- 
tion; this  to  be  counted  as  the  second  bend.    It  is  then 
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to  be  bent  90  deg.  to  the  other  side  (third  bend)  and 
back  to  its  original  position  to  complete  the  test. 

Tensile  Strength  The  tensile  strength  of  the  wire 
is  to  be  not  less  than  140,000  lb.  per  sq.  in. 

Tensile  Strength  of  Complete  Spoke  and  Nipple  The 
finished  spoke,  when  held  at  the  bent  end  in  the  same 
manner  as  by  the  hub  flange  in  a  finished  wheel  and  at 
the  threaded  end  by  a  standard  nipple  with  the  spoke 
threads  filling  all  the  nipple  threads,  must  sustain  a  dead 
load  of  not  less  than  1580  lb.  No  torsion  test  is  re- 
quired. 

Wheel  and  Rim  Specification  This  provides  for  a  28 
by  3-in.  clincher  tire  with  40  spokes  laced  four  across. 
The  circumference  of  the  wire-wheel  rim  after  lacing 
must  be  68.722,  +  0.047  (3/64),  —  0.172  (9/64)  in. 

The  chemical  content  of  the  steel  used  for  the  rims 
must  be: 

Carbon,  0.10  to  0.15;  sulphur,  not  over,  0.05;  phos- 
phorus, not  over,  0.05;  manganese,  0.40  to  0.60. 

Fuel  and  Lubrication  Pipe  Fittings    Fuel  and  lubrica- 
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Deg,  Min, 

B 
Deg.  Min. 

D 

In. 

L 
In. 

J 
In. 

K 
In. 

Nominal . . . 

6* 

7«    46' 

4*    16' 

7"    30' 
9**     16' 
6*    46' 

2.86 
3.66 
2.20 

2.93 
3.60 
2.26 

0.165 
0.180 
0.160 

0.265 
0.263 
0.247 
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tion  pipes  on  military  motorcycles  shall  be  5/16  in.  out- 
side diameter.  The  fittings  shall  be  of  the  soldered  type, 
with  9/16-in.  nut,  24  threads  to  the  inch,  United  States 
form. 

Headlamp  Mounting  The  mounting  lugs  and  support- 
ing prongs  shown  in  the  accompanying  sketch  are  recom- 
mended; these  conform  to  existing  practice. 
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Steel 
(Copper   and  white   nickel   plate) 

.  .^Actual  size 
tMinlmum   diameter  for   respective  pitch   diameters 
Outside    diameter   tolerances   of   commercial    taps    are 

slightly  greater 

FuKL  AND  Lubrication  Pipb  Fitting  Dimkn8ion8 

DISCUSSION  AT  STANDARDS  COMMITTEE  MEETING 

W.  S.  Harley  (M.  S.  a.  E.)  :  The  work  of  the  Motor- 
cycle Division  was  brought  about  at  the  request  of  the 
Quartermaster  Department,  and  applies  essentially  to 
military  motorcycles.    Up  to  the  time  of  this  request, 
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there  were  no  standards  in  the  motorcycle  industry,  but 
the  Government  is  using  two  or  three  different  makes 
of  motorcycles,  so*that  it  was  felt  there  should  be  as 
much  standardization  on  these  as  possible. 

This  report  covers  primarily  motorcycles  use4  by  the 
Government;  and  is  an  endeavor  to  standardize  on  all  the 
parts  possible  in  those  motorcycles  without  requiring 
radical  changes  in  design. 

Jerome  J.  Aull  (M.  S.  A.  E.) :  The  threatened  multi- 
plication of  union  standards  is  serious.  First,  we  had 
the  S.  A.  E.  standard,  now  we  have  the  motorcycle 
standard.  The  Tractor  Division  has  another,  and  the 
Aeronautic  Division  will  have  another.  The  Signal  Corps 
has  adopted  a  union  similar  to  the  one  proposed  for  mo- 
torcycles. In  this  particular  case,  the  thread  is  V->  in. 
by  24  to  the  inch.  The  Signal  Corps  union  will  be  \'^z  in. 
by  20  threads  to  the  inch,  which  is  the  S.  A.  E.  thread. 
We  ought  to  bring  these  Divisions  together  in  some  way. 

Mr.  Harley:  In  laying  out  this  union,  we  tried  to 
adopt  that  standard  y^  in.  "twenty,"  but  found  it  to  be 
too  coarsQ.    There  are  three  pipes  on  the  motorcycle,  a 


Digitized  by  VjOOQIC 


56  THE  SOCIETY  OF  AUTOMOTIVE  ENGINEERS 

pipe  from  the  hand  pump,  one  from  the  mechanical  oil 
pump  and  a  gasoline  pipe.  All  those  pipes  have  been 
different,  and  we  adopted  one  pipe  for  all  three  purposes, 
with  a  view  to  simplification.  When  using  a  "twenty" 
thread,  the  nut,  as  it  is  now,  is  too  big  for  motorcycle 
work.  It  does  not  look  well;  furthermore,  in  automatic 
work,  a  24-thread  is  much  better  than  a  20.  Prom  a 
shop  point  of  view  the  work  is  easier  to  tap.  Then  too, 
generally  speaking,  the  motorcycle  cannot  use  S.  A.  E. 
standards,  especially  over  %  in.,  because  the  threads  are 
too  coarse.  Because  of  the  vibration  we  have  to  use 
threads  finer  than  the  S.  A.  E.  standard. 
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FIRST  REPORT  OF  ROLLER-CHAIN  DIVISION 

(As  Adopted  by  the  Society) 

The  nomenclature  for  component  chain  parts,  as  shown 
in  the  accompanying  drawing,  is  recommended  in  order 
to  establish  universal  practice  among  both  the  manufac- 
turers and  the  trade.    The  Division  has  worked  jointly 
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with  the  A.  S.  M.  E.  Chain  Committee  in  making  these 
recommendations,  and  also  in  preparing  the  dimensions 
included  in  this  report. 

RoUer  Chain  Dimensions  The  sizes  recommended  are 
selected  from  those  most  generally  in  use,  with  the  addi- 
tion of  a  2%-in.  pitch  for  heavier  duty.  Other  sizes  will 
be  worked  out  for  light  duty  at  high  speeds,  and  heavy 
duty  at  slow  speeds,  and  will  be  influenced  more  or  less 
by  the  future  introduction  of  alloy  steels  in  chain  manu- 
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facture.  The  chain-size  numbers  indicate  the  number  of 
quarter  inches  in  the  pitch,  and  the  word  "Universal"  in- 
dicates recommended  standard  series. 

Tablb  of  Rollbb  Chain  Dimensions 


Tr»d«  No. 

Pitch 

Chain 
Width* 

1 

Roller 

1 
1 

Umvenal    2            | 
UnivemJ   2^ 
Univenal   3            ' 

H 
H 
94 

94 
H 

0.800 

0.400 

>«4t 

Univenal   4 
Univenal    5 
Univenal   6            | 

1 

Ui 

IH 

94 
94 

1 

H 
94 

94 

Univecua   7 
Univenal    8             1 
•  Univenal  10             1 

IK 

2 

2H 

1 
lU 

1» 

}«. 

^Distance  between  the. inside  plates     All  dimensions  are  in  inohes 

DISCUSSION  AT  STANDARDS  COMMITTEE  MEETING 

WiLUAM  F.  Cole  (M.  S.  A.  E.) :  For  a  long  time  there 
has  been  no  uniformity  in  the  nomenclature  applied  to 
the  parts  of  the  roller  chain.  This  condition  has  f  rie- 
quently  resulted  in  misunderstanding  and  confusion  in 
filling  orders  and  has  led  to  the*  suggestion  of  having  a 
standard  nomenclature  for  these  parts. 

Chairman  Utz:  The'  specifications  cover  general 
standard  practice,  do  they  not? 

Mr.  Cole:  Yes.  They  represent  the  chains  that  are 
most  in  use  at  the  present  time.  It  v^as  the  unanimous 
belief  of  the  trade  members  that  at  this  time,  when  tool 
makers  are  employed  on  important  work,  it  would  be  un- 
wise to  introduce  a  ncfw  set  of  standard  sizes,  which  would 
call  for  the  making  of  new  tools  and  dies. 

We  found  that  probably  five  times  as  many  sizes  of 
roller  chains  are  in  general  use  as  are  required,  because 
each  manufacturer  has  duplicated  sizes  originally  made 
by  others.  This  was  due  to  a  natural  tendency  to 
shorten  the  pitch  of  the  chains  and  make  them  take  care 
of  higher  speeds. 
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SECOND  REPORT  OF  TRACTOR  DIVISION 
(As  Adopted  by  the  Society) 

The  present  report  includes  recommendations  on  draw- 
bar connectors,  magneto  mounting,  use  of  S.  A.  E.  stand- 
ards in  tractor  service,  and  a  condensed  tractor  specifica- 
tion form. 

Magneto  Mounting  It  is  recommended  that  the  Na- 
tional Gas  Engine  Association  standard  distance  of  2.876 
in.  from  the  large  end  of  the  magneto  shaft  taper  to  a 
point  %  in.  back  from  the  end  of  the  %-in.  engine  shaft 
be  standardized.  When  magneto  is  to  be  mounted  on  an 
iron  or  steel  bracket  a  shim  at  least  %  in.  thick,  made 
from  brass,  aluminum,  or  other  non-magnetic  material, 
should  be  used  and  be  furnished  by  the  engine  builder, 
so  that  the  standard  distance  from  top  of  shim  to  center 
of  magneto  shaft  will  be  1.771  in.  (the  height  previously 
standardized  by  the  Society), •  and  also  that  brass  bolts 
be  used  to  hold  down  the  magneto. 

S.  A.  E,  Stcmdards  for  Tractor  Service  The  Division 
recommends  the  following  list  of  existing  S.  A.  E.  stand- 
ards (Vol.  I,  S.  A.  E.  Handbook)  as  suitable  for  tractor 
work: 

Name  Data  Sheet  No. 

Spark-plug  shells 3 

Screws  and  bolts  %  to  1%  in •.  4 

Sizes  of  taps  and  drills 4a 

Large  diameter  thread  (l%.to  6  in.) 4c 

Lock  washers 6 

Square  broached  fittings 7 

Taper  fittings 7a 

Taper  fittings  with  castle  nuts 7e 

Steels  and  heat  treatments 9  to  9q 

Babbitt  metal 11 

Brass  casting  metals 12 

Cast  manganese  bronze 12a 

Manganese  bronze  sheets  and  rods 12b,  c 

Hard  cast  and  gear  bronze. 12d 

Aluminum  alloys 13 

Non-ferrous  metal  tubing 18c 

Round  tension  test  specimen 16 

Flat  tension  test  specimen:  \ .16xa 

Flat  tension  test  specimen 16a 

Shock  test  specimen i. 1635b* 

Gray-iron  test  specimen . .....; 15b 
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Gray-iron  test  specimen 15c 

Brinell  hardness  test 15xd,  d 

Gold-drawn  seamless  steel  tubes 16 

Bands  and  strips 17 

Ball  and  roller  bearings 29  to  29e 

Glamps  and  fittings  for  rubber  hose 87 

Oversize  cylinders 47 

Tractor  Specification  The  following  condensed  speci- 
fication is  recommended  for  standardization: 

1  Firm  name 

Address    

2  Tractor  trade  name model 

3  Drawbar  horsepower  S.  A.  E.  tractor  rating 

Old  trade  rating 

4  Belt  horsepower  S.  A.  E.  tractor  rating 

old  trade  rating 

6   Engine:    Make in.  bore stroke in. 

No.  cylinders cycle normal  r.p.m 

Lubricating  system type 

Ignition Garbureter 

Fuel  system 

Gooling  system 

Belt  pulley,  dia in face in rpm. 

6  Transmission  type  or  make 

No.  speeds  forward 

Speed  in  m.p.h.  at  normal  engine  speed — 

1st 2d 3d 

Indicate  by  check  (x)  speed  normally  used 
for  plowing 

7  Wheels :     No arrangement 

Driving  No dia in.,  .face in. 

Non-driving  No dia in face in. 

If  of  track-laying  type,  No.  of  trucks 

Length in.     Face in. 

8  Frame  construction 

9  Wheelbase   in gage in 

10  Width  overall in.     Length  overall in. 

11  Turning  radius  (V2  dia.  largest  track  circle) ft. 

12  Wight  of  tractor,  les  fuel,  oil,  water  and  lugs lb. 

13  Shipping  weight,  including  standard  equipment  and 
stays lb. 

Tractor  and  Implement  Drawbar  Connectors  It  is  rec- 
ommended that  for  tractors  with  20  drawbar  hp.  or 
less  the  tractor  drawbar  be  horizontal  and  %  in.  thicks 
with  13/16-in.  holes  located  with  centers  1  in.  from  the 
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edge  of  the  bar;  that  implements  be  made  with  draw- 
bars vertical,  %  in.  thick  and  with  13/16-in.  holes  located 
with  centers  1  in.  from  the  edge  of  the  bar;  and  that  a 
number  of  additional  holes  be  provided  in  both  tractor 


j*---?/:-.-i 


Tractor  and  Implbmbnt  Drawbar  Connbctor  Dimbnbions 

and  implement  drawbars  to  take  care  of  any  adjustment 
found  necessary. 

« 
DISCUSSION  AT  STANDARDS  COMMITTEE  MEETING 

Dent  Parrett  (M.  S.  A.  E.)  :  The  dimensions  of  the 
drawbar  design  are  not  recommended  as  standard;  they 
are  simply  shown  as  a  possible  way  to  make  a  hitch»  or 
to  connect  the  standard  drawbar  on  the  implement  and 
on  the  tractor.  The  real  point  of  these  connections  is 
to  encourage  the  use  of  a  horizontal  drawbar  on  the 
tractor. 
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SECOND  REPORT  OF  DATA  SHEET  DIVISION 
(As  Adopted  by  the  Society) 

The  Data  Sheet  Division  submits  recommendations  on 
a  number  of  minor  changes  in  the  S.  A.  E.  Handbook. 

Cancelled  Data  Sheets  It  is  recommended  that  Data 
Sheets  6?  (Finish  of  Hexagon  Cap  Screv^s)  and  51 
(French  Road  Signals),  Vol.  I,  S.  A.  E.  Handbook,  be 
cancelled. 

Changes  in  Nomenclature  (a)  It  is  recommended 
that  on  Data  Sheet  8b,  Vol.  I,  the  heading  ''Industrial 
Truck  Wheels"  be  changed  to  be  "Industrial  Truck 
Tires/'  and  that  the  heading  "Wheel  Dimensions"  in  the 
first  column  of  the  table  be  changed  to  "Tire  Dimen- 
sions." (b)  It  is  recommended  that  wherever  the  ex- 
pression "pleasure  car"  occurs  in  the  Data  Sheets  the 
expression  "passenger  car"  be  substituted. 

Topical  Index  An  up-to-date  general  index  has  been 
completed  for  the  Data  Sheets  and  mailed  to  the  mem- 
bers of  the  Society,  together  with  the  latest  Data  Sheets. 

The  Division  recommends  that  separate  index  sheets 
or  sections  of  the  general  index  include  the  general 
Standards  and  Recommended  Practices  which  may  be  ap- 
jproved  for  use  in  each  of  the  following  subjects :  Aero- 
nautic, Marine,  Motorcycle,  Stationary  and  Farm  En- 
gine, and  Tractor. 

Data  Sheet  Size  It  has  been  suggested  that  the  Data 
Sheets  be  enlarged  from  their  present  size,  but  after 
careful  consideration  the  Division  unanimously  voted  to 
retain  the  present  size,  for  the  time  being  at  least. 


ELEVENTH    REPORT     OF     MISCELLANEOUS 
DIVISION 

(As  Adopted  by  the  Society) 

Screw  Threads  The  fine  pitch  threads  for  screws 
from  V4,  to  IV2  in.,  shovni  in  the  accompanying  table, 
are  submitted  for  approval  as  standard  practice.  These, 
taken  with  the  threads  given  on  Data  Sheets  4  and  4c, 
Vol.  I,  S.  A.  E.  Handbook,  complete  the  list  of  S.  A.  E. 
screw  standards.  All  these  thre^^s  f^r^  \q  \^^  of  tb^ 
U,  S,  St^iiciart  fQrin, 


Digitized  by  VjOOQIC 


miscellaneous  division  report  63 

Table  of  Screw  Thread  Dimensions 


In.      * 

Resukr 
Kteh 

Fine 
Pitch 

DiAineter, 
In. 

^^ 

Vine 
Pitch 

M 

28 

36 

3 

10 

16 

«• 

34 

32 

3U 

10 

16 

H 

34 

33 

3U 

10 

16 

!t« 

30 

38 

3H 

10 

16 

M 

30 

38 

3H 

10 

16 

%• 

18 

24 

3H 

10 

16 

H 

18 

24 

Z% 

10 

16 

>H« 

16 

24 

3ft 

10 

16 

% 

16 

20 

4 

10 

16 

%. 

14 

30 

4ft 

10     . 

16 

1 

U 

20 

4ft 

10 

16 

IH 

13 

18 

4ft 

10 

16 

IM 

13 

18 

4ft 

10 

16 

IH 

13 

18 

4ft 

10 

If 

m 

13 

18 

4ft 

10 

16 

IH 

13 

16 

4ft 

10 

16 

IK 

13 

16 

6 

10 

16 

IK 

13 

•    16 

Aft 

10 

16 

3 

13 

16 

6ft 

10 

16 

au 

13 

16 

6ft 

10 

16 

9M 

13 

16 

Aft 

10 

16 

3H 

12 

16 

6ft 

10 

16 

3H 

13 

16 

6ft 

10 

16 

3ft 

13 

16 

6ft 

10 

16 

2% 

13 

16 

6  &  over 

8 

16 

2^ 

12 

16 

NoTS — ^The  maximum  screw  size  equals  nominal  or  basic  screw  sise  (for  all 
except  wrench  fits).  In  the  minimum  gage  for  internal  threads  and  the  maxi- 
mom  gage  for  external  threads,  the  profile  of  the  threads  shall  be  such  as  not  to 
eaeroach  on  that  of  the  true  United  States  Standard  (or  Franklin  Institute)  thread. 
Tneae  recommendations  are  made  to  insure  interchangeability  and  do  not  pertain 
lo  dimensions  or  clearances. 

Bumpers  and  Mounting  After  careful  review  of  the 
proper  height  of  both  front  and  rear  bumper  for  various 
conditions  of  loading,  fender  clearance  and  collision,  the 
Division  recommends  the  following  table  of  heights  and 
dimensions  for  standardization: 

BUMPBK  HSIORTB   AND   DxMkmiONS 


Front 


Rear 


Height,  center  of  face  to  ground 21 

Overall  length Between  60  and  60 

Bumper  face Flat 

Vertical  depth  of  bumper  bar  (min.)  2 


23 

Between  GO  and  6C 

Flat 

3H 


An  dimensions  in  inches 

Yoke  and  Eye  Rod-Ends  The  dimensions*  for  ad- 
justable yoke  rod-ends,  plain  yoke  rod-ends  and  eye  rod- 
ends,  previously  listed  as  ''future  sizes,"  are  now  sub- 
mitted for  approval  as  S..  A.  E.  Standards. 

*See  report  of  MiBoellaneous  Division,  S.  A.  E.  TBANSAcnosfi, 
Jf  ;7^  Fwt  ?,  W»a  8.  A.  B.  HandbooK.  Yol.  I,  8h.  X,  X»  »p4  I 
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K-GH 

Adjust  ABLE  Yokk  Rod-End  Dimbnsions 


1—14 


7h 
8 


Thre:ul8  tT.  S.  Form 


1H« 


F 

0 

Umiuo 

2Vi 

11 

1 

40.001 
-0.002 
40,001 
-0.002 

kG-4 
Plain  Yoke  Rod-Bnd  Dimensions 


4 
4H 


2 
2U 


Mil 


^    i 

0 

limHaof  r. 

Ifl 

2U 

1 

40.001 
-0.001 
40.001 
-O.OOS 
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Btb  Rod-End  Dxiabnsions 


A 

B 

D 

m 

O 

limiteofO 

2H 

» 

1*M« 

>Nt 

ft 

40.001 
-0.002 

S 

1 

1>H« 

lUt 

1 

+0.001 

-o.oos 

Rod-End  Pins  The  following  extension  of  rod-end 
pin  dimensions*  is  recommended.  This  extension  is  for 
the  pins  required  for  the  yoke  and  eye  rod-ends,  sizes 
Vs  and  1  inch. 


^ 


t 


'^^cf^ 


d' 


'^a^ 


C/9omter 


_,-,:.  q 


35= 


rTfrr 

11 


r1 


K: 


i  i 


^  A    ♦i   l5*Chomfisr       ^ 


•See   report   of   Miscellaneous   Division.   S.   A.   E.   Transactions. 
:i>17.  Pan  II.  p    44,  and  S.  A.  E.  Handbook,  Vol.  I,  »h.  2a 
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Table  of  Rod-End  Pin  Dimensions 


A 

limits 
of  A 

B 

C 

D 

E 

F 

(7 

B 

H 

-0.004 
-0.007 

1M« 

9i« 

9)U 

3.0166 

SiHs 

2*)h 

K« 

%% 

1 

-O.OOi 
-0.007 

1N« 

>Ms 

a>«< 

2.2563 

2H 

2«Ht 

fts 

ft« 

A 

"  I 

8.A.E. 
BUnd- 

Yoke  J 

iC 

COTTBB 

Pin 

d- 

-Dbiix 

DimmnfCB 

^ 

I. 

No. 

Dift. 

d-d' 

•d-d'+* 

« 

1.0201 

lU 

0.0461 

>)i« 

IH 

fu 

0.101 

0.0101 

0.0642 

1 

2.1701 

2U 

0.0451 

>144 

IH 

11 

0.101 

0.0101 

0.0642 

*Total  clearance  between  yoke  and  cotter-pin 

SECOND  REPORT  OF  MARINE  DIVISION 
(As  AifypUd  hy  the  Society) 

The  report  of  the  Marine  Division  contains  recom- 
mendations relating  to  flange  steel  couplings  (between 
engine  and  reverse  gear,  and  reverse  gear  and  propeller- 
shaft),  clamp  steel  coupling  (propeller-shaft  extension), 
flange  cast  iron  coupling  (reverse  gear  and  propeller- 
shaft),  and  propeller  mountings. 

In  the  accompanying  drawing  the  engine  flange  when 
integral  with  the  engine  shaft  is  shown  in  full  lines. 
When  separate,  the  shaft  taper  and  dimensions  are  the 
same  as  for  reverse  gear  coupling  of  the  corresponding 
size  shown  in  Table  II. 

The  reverse  gear  flange  shown  by  full  lines  shall  have 
drilled  bolt  holes.  When  the  flange  is  designed  integral 
with  the  reverse  gear,  as  shown  by  dotted  lines,  all  bolt 
holes  shall  be  drilled  and  tapped  for  S.  A;  E.  standard 
threads,  as  shown  on  Data  Sheet  4,  Vol.  I,  S.  A.  E.  Hand- 
book. 

These  couplings  are  designed  to  be  made  of  steel  and 
are  intended  for  high  power  engines. 
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FLANGE  STEEL  COUPLING 

(Reverse  Gear  and  Propeller-Shaft) 

All  bolts  shall  have  S.  A.  E.  standard  threads  as  shown 
on  Data  Sheet  4,  Vol.  I,  S.  A.  E.  Handbook.  (Safety 
sleeves  or  covers  for  these  coaplings  are  being  considered 
by  the  Marine  Division) 

FLANGE  STEEL  COUPLING 

(Engine  and  Reverse  (Sear) 


Engine  End 


t- 


Reverse. 

16earPnd 


.OrRadr- 
(T,DJ 


SHAFT    (CLAMP)    COUPLING 

(Propeller-shaft  extension) 

The  clamp  coupling  shown  in  the  accompanying  draw- 
ing is  for  propeller-shaft  extension  and  is  not  Intended 
for  coupling  propeller-shaft  directly  to  the  reverse  gear. 
Unless  otherwise  specified  S.  A.  E.  manganese  bronze 
No.  29  should  be  used.  All  bolts  shall  have  S.  A.  B. 
standard  threads  as  shown  on  Data  Sheet  4,  VoL  I»  S.  A. 
E.  Handbook.  (Safety  sleeves  or  covers  for  these  coup- 
lings are  being  considered  by  the  Division) 
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%■  ■ 

i: 


Reverse  Gear  End 


J'f*/  Propeltep  Shaft  End 


M^r;*V  •«  -r 


:  „_ _.JJ^ 


--•-.,---^--4 


STEEL  REVERSE  COUPLING 


Table  I — Flange  Steel  Coupling   (Engine  and  Reverse 

Gear) 


Flanqi 

Poor* 

I 

Bolts 

Siif 

Equiv. 
Shaft 
Dia. 

D 

E 

F 

J 

A 

No. 

See 
Note 

Pa 

Pe 

p« ;  Y 

1 

No. 

Bt 

Thda.: 

C 

ER-8 
ER-9 

!«} 

4 

2>Hi 

^ 

U 

U 

IH 

^1 

H         M4 

« 

24 

3 

ER-10 

ml 

■ 

^ 

KR-11 
ER-12 
ER-13 

1% 

IH 

« 

3>Hs 

1i. 

3t. 

9ii 

2 

H 

91.*  H> 

• 

H. 

20 

4 

ER-14 
ER-15 
ER-16 
ER-18 
ER.20 

1% 
2 

2U\ 
2W/ 

6 

7 

4H« 
4H 

2W 
3 

9i. 

• 

18 
18 

5 

ER-22 
ER.24 

n 

8 

5% 

9i 

% 

% 

3<i 

9i« 

1 

K 

.» 

ftH 

ER-26 
FR.28 

^S}    • 

6H« 

^ 

H 

Vi. 

4K 

U 

H«  i  944 

0 

% 

14 

7H 

RR-32 

4    "^10 

6K 

1 

•* 

H 

5 

^. 

H      944 

1 

14 

8 

*Pilot  tolerance+.OOO.  —.001  in.  per  inch  of  diameter.  Pilot-receai  tolerance,  +.00U  —.000 
in .  per  i  nch  of  diameter 

tFigures  in  column  indicate  bolt  diameters.  Use  clearance  drill  of  same  nominal  sise  for 
holes  B 

(All  threads  S.  A.  E.  pitch.  U.  S.  form.    (See  S.  A.  E.  Handbook.  Vol.  I,  sh.  4) 

(T.  D.)" Tooling  dimensions.    All  dimensions  in  inches 

NOTE.— E  indicates  engine;  R.  reverse  gear;  and  figures,  number  of  eighths  of  an  inch  in 
equivalent  shaft  diameters 
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Reverse 6ear     '" /"•] 

End  I ■ 


Propeller  Shaff  Tnd 


CAST-IRON  REVERSE  COUPLING 
«    FLANGE  CAST  IRON  COUPLING 

(Reverse  Gear  and  Propeller-Shaft) 

The  couplings  shown  in  the  accompanying  drawings 
are  for  low  power  engines  and  may  be  made  from  a  good 
grade  of  cast  iron. 
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All  bolts  8haD  have  S.  A.  E.  standard  threads  as  shown 
on  DaU  Sheet  4,  Vol.  I,  S.  A.  E.  Handbook.  (Safety 
sleeves  or  covers  for  these  couplings  are  being  considered 
by  the  Marine  Division) 

Propeller  Mountir^ — For  use  in  salt  water,  bronze 
or  other  non-corrosive  metal  is  recommended  for  all  parts 
of  hub,  shaft  and  fairwater  assembly. 

When  bronze  is  used  a  tensile  strength  of  60,000  lb. 
per  sq.  in.^and  an  elongation  of  28  per  cent  in  2  in.  is 
recommended. 

The  chemical  composition  of  a  bronee  conforming  to 
these  physical  properties  is  as  follows:  Copper,  62  per 
cent; 'tin,  1  per  cent,  and  spelter,  37  per  cent.  A  bronze 
having  similar  physical  characteristics  is  commonly 
known  as  "Tobin  bronze." 

The  small  end  of  the  shaft  and  hub  tapers  (Sd  and  Hd 
in  the  drawings  and  table)  are  the  governing  dimensions 
which  insure  proper  assembly  of  varying  hub  lengths  on 
the  shaft  and  clearance  between  the  end  of  the  shaft 
taper  and  the  bottom  of  the  shaft  nut. 


1*^  -  ^* '  *r 

ForShaHs  ,      ,  '   , 


i/.'7/ess  ofh*rwi\%$p9€ifit 
F>  ted  dim  enst'ons  aee> 


4-^- 


^^$  TMs  Head/ess  US.S 
Screw opposrte  flat 


Fiiced dimtnsionsappfy\  ~*\  T^  j 


TaptrfptrfT. 
inclua'tdAngi* 


Tapi^r         \ 
tnctuiied  Anqlt 

Diagram  to  Illustrate 
Measuremffni  of  Topers 


PROPELLER   MOUNT 


Digitized  by  VjOOQIC 


74  THE  SOCIETY  OF  AUTOMOTIVE  ENGINEERS 

DISCUSSION  AT  STANDARDS  COMMITTEE  MEETING 

W.  S.  HOWAKO  (M.  S.  A.  E.) :  The  Marine  Division, 
after  some  nine  months'  work,  has  succeeded  in  adopting 
some  standard  flanges  for  coupling  the  reverse  gear  to 
the  engine,  and  for  coupling  the  propeller-shaft  to  the 
reverse  gear;  also  for  extension  shafts  having  a  clamp 
coupling,  and  for  propeller  mounts.  The  Government 
was  consulted  concerning  the  propeller  mount  and  coup- 
lings and  furnished  blueprints  for  sizes  f Am  %  to  4 
inches.  The  only  requirement  for  the  engine  flange  is 
that  the  manufacturer  shall  conform  to  the  outer  dimen- 
sions of  the  flange,  which  cover  the  pilot,  the  bolt  circles, 
the  number  of  bolts  and  their  diameter. 

The  reverse-gear  maker  has  to  conform  to  the  result- 
ing outline,  and  as  there  are  two  forms  of  mounting,  one 
flanged  and  one  tapped  in,  provision  is  made  for  both 
types.  An  anchorage  is  provided  on  the  flange  for  'the 
head  of  the  bolt ;  the  pilot  is  also  on  the  driving  end. 

It  is  the  Division's  recommendation  that  the  reverse- 
gear  tail-shaft  always  have  a  steel  flange,  mounted  with 
a  taper,  as  illustrated.  Bolt  circles  and  bolt  sizes  have 
been  determined  for  the  larger  horsepowers,  hence  it  is 
possible  that  in  looking  over  these  tables  it  might  ap- 
pear that  some  of  the  smaller  sizes  have  larger  bolts  than 
are  actually  needed.  The  difficulty  in  some  bolt  shops 
without  good  machine  facilities  of  turning  tapers  and 
mounting  the  propeller-shaft  has  been  overcome.  By 
substituting  a  cast-iron  coupling  for  low  horsepower  two- 
stroke  cycle  engines  the  flanges  will  correspond  to  the 
steel  flanges  in  a  given  series;  instead  of  using  set  screws 
to  keep  the  shaft  in  place  when  backing  up,  the  bolts  are 
so  arranged  that  they  will  cut  slightly  into  the  shaft. 

The  recommended  practice  for  clamp  couplings  for  ex- 
tension shafts  is  a  manganese  bronze,  or  bronze  No.  29, 
S.  A.  E.  specification.  In  this  case  likewise  the  bolts  cut 
into  the  shaft  to  keep  them  from  withdrawing.  A  sub- 
stitute cast  iron  coupling  is  suggested  for  low  horse- 
power. 

PropeUer  Mount 

The  propeller-mount  practice,  as  illustrated,  conforms 
to  the  Navy  practice  with  one  or  two  changes,  which  have 
been  agreed  to  on  both  sides. 

Tolerances  were  considered  first  for  the  taper  pro- 
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peller-mount,  also  for  the  pilot,  but  as  most  of  this  stand- 
ards work  is  new  to  the  Division,  we  are  not  trying  to 
do  too  much  at  first.  I  believe  it  will  be  possible,  after  a 
little,  to  give  bolt  tolerances  and  pilot  tolerances.  At 
present,  chamfers  are  given;  also  the  tool  chamfer  is 
marked  "T.  D."  in  the  comers.  Later  the  Division  will 
standardize  the  parts  of  the  reverse  gears  between 
flanges,  but  we  have  not  reached  that  point  yet. 


THIRD  REPORT  OF 
TIRE  AND  RIM  DIVISION 

(^As  adopted  by  the  Society) 

As  there  was  no  quorum  present  at  the  last  meeting 
of  the  Tire  and  Rim  Division,  which  was  held  Dec.  10, 
1917,  in  Detroit,  the  minutes  were  sent  to  the  members 
of  the  Division  for  approval.  The  replies  received  indi- 
cated that  the  following  subjects,  which  are  now  sub- 
mitted for  acceptance,  were  approved  for  standardiza- 
tion: 

Solid-Tire  Demountable-Rim  Equipment — It  is  recom- 
mended that  the  demountable  solid-tire  equipment  shown 
on  War  Department  drawing  T-101  be  offered  for  stand- 
ard service  and  for  use  only  when  demountable  equip? 
ment  is  desired. 

Types  and  Dimensions  of  PnewmatiC'TiTe  Rims — It  is 
recommended  that  for  standard  practice  straight-side 
type  of  rims  be  used  for  all  sizes,  except  for  8-in.  and 
80  by  S^-in.,  when  the  clincher  type  only  should  be 
used.  (This  notation  is  to  be  added  to  S.  A.  E.  Data 
Sheet  8g). 

Profile,  Sizes  and  Types  of  Rims — It  was  recommended 
that  S.  A.  E.  Data  .Sheets  8f  and  8g  be  combined,  so  as 
to  make  a  more  comprehensive  sheet,  with  the  subjects 
listed  as  follows: 

(a)  Drawings  of  rim  contours. 

(b)  Table  of  sizes  (same  as  shown  on  Data  Sheet  8g). 

(c)  Routine  tests  (same  as  shown  on  Data  Sheet  8f ) . 

(d)  For  standard  practice  use  straight-side  type  of  rim 
for  all  sizes  except  8-in.  and  80  by  8%-in.,  when 
the  clincher  type  only  should  be  used. 

Pn,eum4itic  Tires  for  Motor  Trucks — It  is  recommended - 
that  the  straight-side  section  be  standardized  with  rim 
profiles  according  to  the  recommendation  of  the  Tire 
and  Rim  Association  for  %  7,  8,  10  apd  18-in.  rims,  and 
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that  the  rim  base-diameter  be  24  in.,  as  shown  in  the  fol- 
lowing table: 


Nominal 

Rim  widths 

Tire  sizes  for 

rim  size,  in. 

(width  tire  seat) 

24  in.  rim  dia 

6 

4.33 

36  X   6 

7 

5.00 

38  X   7 

8 

6.00 

40x    8 

8 

6.00 

42  X   9 

10 

7.33 

44x10 

12 

9.00 

48  X  12 

Motorcycle  Rims — In  view  of  the  fact  that  the  lighter 
types  of  motorcycles  make  use  of  the  BB  and  the  heavier 
type  of  the  CC  section  rim,  it  is  recommended  that  these 
two  types  be  standardized  as  shown  in  the  accompanying 
drawing. 


i 


065" 
2»4   and  2%-inch  BB  Rim   Section 

A 


2jgU- H 


.r 


•S    and   •^-\nch  CC  Rim  SeHion 


DISCUSSION   AT   SOCIETY    MEETING 

J.  E.  Hale  (M.  S.  A.  E.) :  The  Automotive  Wood 
Wheel  Manufacturers*  Association  has  had  the  question 
of  wood  felloe  widths  under  discussion,  manufacturers 
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being  invited  to  present  their  views.  It  was  decided  that 
the  subject  would  need  more  attention  before  being  finally 
settled.  Because  of  this  I  think  this  subject  should  be 
referred  back  to  the  Division. 

I  offer  an  amendment  that  in  the  heading  "Solid  Tire 
Demountable  Rim  Equipment  For  Military  Trucks"  the 
words  "for  military  trucks"  be  omitted  and  that  in  the 
sentence  following  the  word  "war"  be  left  out.  While 
this  applies  primarily  to  equipment  in  military  service, 
it  can  apply  equally  well  to  equipment  in  commercial 
service.  I  think  it  should  be  a  commercial  as  well  as  a 
military  standard. 

(The  amendment  was  voted  on  and  accepted) 


SECOND   REPORT   OF  LIGHTING  DIVISION 
{As  adopted  by  the  Society) 

Headlamp  Illumination — It  is  recommended  that 
headlamps  be  so  arranged  that  no  portion  of  the  direct 
reflected  beam  cone  of  light,  when  measured  75  ft.  ahead 
of  the  headlamps,  shall  rise  above  42  in.  from  the  level 
surface  of  the  road  on  which  the  vehicle  stands,  under 
any  condition  of  loading;  nor  shall  any  portion  of  the 
direct-reflected  beam  cone  of  light  rise,  beyond  the  75-f t. 
distance,  more  than  12  in.  above  the  center  of  the  head- 
lamp. 

To  avoid  a  rise  in  the  beam  cone  of  light  to  an  objec- 
tionable height  beyond  the  75-ft.  distance,  particularly 
in  cases  where  headlamps  are  set  relatively  low  on  the 
car,  the  Division  recommends  t|iat  the  word  "at"  be 
changed  to  "beyond"  in  the  previously  accepted  recom- 
mendation. The  direct  and  reflected  rays  (other  than 
those  direct-reflected  rays  from  the  parabolic  reflector, 
which  constitute  the  beam  cone)  are  of  such  relatively 
small  value  that  they  have  little  influence. 

HeadUiw/p  Bulbs — The  Division  has  previously  rec- 
ommended that  the  focal  length  of  electric  incandescent 
lamps  for  automobiles  be  1%  in.  In  view  of  this  and 
the  fact  that  the  6-16^,2  bulb  is  used  ordinarily  in  electric 
vehicles,  the  1^-in.  focal  length  is  now  recommended  in 
the  electric  incandescent  lamps  for  both  gas  and  electric 
vehicle  headlamps. 
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BUSINESS  SESSION  OP  SOCIETY 
MEETINGS 

ADDRESS  OF  PRESIDENT 
Geobqe  W  Dunham 

With  this,  the  Thirteenth  Annual  Meeting,  the  most 
eventful  and  perhaps  the  most  important  year  in  the 
history  of  the  Society  will  be  concluded.  It  has  been  a 
year  not  only  of  rapid  growth  but  of  remarkable  accom- 
plishments. It  has  been  a  year  of  attainment  and  patri- 
otic service  which  can  scarcely  be  duplicated  if  indeed  it 
can  be  approached  in  the  annals  of  any  engineering  so- 
ciety in  this  country,  which  rightfully  boasts  of  the 
greatest  engineering  achievements  of  any  nation.  As  a 
result  the  Society  has  attained  recognition  on  the  part  of 
the' Government  not  accorded  to  any  other  engineering  or- 
ganization, and  has  become  in  every  sense  of  the  word  a 
national  orglinization  of  which  we  as  members  may  justly 
be  proud. 

Aside  from  the  splendid  work  done  by  the  Society  in 
cooperation  with  the  Government,  i)erhaps  its  greatest 
attainment  for  the  year  has  been  the  consummation  of 
the  plan  for  the  unification  of  the  engineering  activities 
of  all  the  automotive  industries.  This  important  accom- 
plishment will,  I  am  sure,  have  a  lasting  effect  of  the 
greatest  good  on  the-  history  of  the  Society.  The  word 
"automotive''  has  now  become  almost  as  general  as  the 
word  "automobile,"  and  the  coordination  of  the  automo- 
tive engineering  activities  of  the  industries  concerned  is 
being  reflected  in  a  closer  unification  of  the  industries 
themselves.  I  shall  not  attempt  to  forecast  the  future, 
but  marked  benefits  seem  certain  to  result  from  the  closer 
cooperation  of  all  branches  of  the  automotive  industry. 

The  growth  of  the  membership  of  the  Society  during 
the  past  year  has  been  quite  in  keeping  with  its  rapid 
expansion  in  other  directions.  The  membership  on  Janu- 
ary 1,  1917,  totaled  2120,  while  on  January  1,  1918,  the 
Society  had  8119  members  on  its  roll,  a  net  increase  for 
the  year  of  999  members  or  no  less  than  47  per  cent,  the 
greatest  increase  during  any  similar  period  in  the  his- 
tory of  the  organization  While  this  growth  is  due  in 
part  to  the  broadened  scope  of  the  work  of  the  Society, 
in  absorbing  the  engineering  membership  of  four  other 
organizations,  great  credit  is  due  to  the  efforts  of  the 
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Council,  our  Membership  Committee  and  the  Sections, 
which  have  given  untiring  efforts  to  the  recruiting  of  new 
members  in  the  older  as  well  as  the  newer  fields  of  en- 
deavor. In  addition,  the  Council,  in  cooperation  with  the 
Membership  Committee,  has  laid  plans  for  systematic 
membership  increase  work  during  the  coming  year,  which 
is  expected  to  bring  in  many  strong  men  engaged  in  the 
automotive  industries  who  have  not  heretofore  fully  ap- 
preciated the  value  of  the  work  the  Society  is  doing. 

Committee  Activities 

*  In  financial  matters  the  Society  has  grown  in  propor- 
tion to  its  other  activities.  Details  in  this  connection 
will  be  given  in  the  report  of  the  treasurer.  Suffice 
it  to  say  that  although  our  expenses  have  increased 
considerably  our  income  has  fortunately  increased  al- 
most correspondingly,  and  the  Council  has  found  it  pos- 
sible to  add  to  what  we  hope  will  be  a  permanent  in- 
vestment by  the  purchase  of  twenty-four  thousand  dollars 
worth  of  first  and  second  issue  Liberty  Bonds.  For  this 
accomplishment  much  credit  is  due  to  the  wise  counsel 
of  the  Finance  Committee. 

As  a  natural  result  of  our  broadened  activities,  more 
meetings  have  been  held  than  during  any  similar  period 
in  the  history  of  the  Society.  Besides  the  highly  success- 
ful and  very  well  attended  annual  and  semi-annual  meet- 
ings, three  special  meetings  were  held,  these  being  the 
first  aeronautic  session  in  connection  with  the  Aeronautic 
Show,  and  the  first  and  second  tractor  sessions  held  in 
connection  with  the  Kansas  City  Tractor  Show  and  the 
Fremont  Tractor  Demonstration  respectively.  All  were 
well  attended  and  resulted  in  great  good  to  the  Society 
and  the  industries  involved,  as  well  as  to  those  members 
who  were  able  to  attend.  At  the  semi-annual  meeting  of 
the  Society  in  Washington  the  attendance  was  so 
great  that  an  overflow  session  had  to  be  held,  while  at  the 
banquet  that  followed  the  meeting  the  entire  capacity  of 
the  largest  dining  hall  in  Washington  was  more  than 
filled.  The  success  of  these  meetings  was  due  in  large 
part  to  the  splendid  work  done  by  the  Meetings  Commit- 
tee, to  which  the  Society  owes  a  great  debt  of  thanks. 

In  standardization  matters  the  Society  has  done  con- 
spicuous service  for  the  Government  in  the  prosecution 
of  its  war  program.  The  work  done  by  the  Truck 
Division  of  the  Society  was  effective.  The  Government 
plan  of  establishing  designs  of  war  trucks  involved  con- 
siderable design  work  extending  into  the  major  units  of 
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the  truck,  a  thing  never  contemplated  in  the  standardiza- 
tion work  of  the  Society.  The  Government  put  a  large 
number  of  S.  A.  E.  members  to  v^ork,  and  the  result  has 
been  t}ie  design  of  three  sizes  of  entirely  new  trucks. 
The  achievement  is  one  that  has  not  been  accomplished 
by  any  of  the  other  allied  powers  and  one  which  is  bound 
to  have  a  decided  and  beneficial  effect  upon  the  prosecu- 
tion of  war. 

Aeronautic  Standardization 

Although  the  Society  has  not  been  so  intimately  con- 
nected with  the  furthering  of  the  Government  aeronautic 
program,  it  has  nevertheless  done  splendid  work  in  the 
creation  of  aeronautic  standards,  and  the  Government 
has  members  of  the  Society  to  thank  in  large  part  for 
the  design  and  development  of  the  Liberty  engine,  an  ac- 
complishment that  could  hardly  have  been  carried  for- 
ward except  for  the  missionary  work  the  Society  has  been 
doing  for  years  along  standardization  lines.  In  parallel 
with  this  development  the  Society  has  also  through  its 
Aeronautic  Division  completed  the  standardization  of  a 
number  of  parts  entering  into  the  construction  of  the 
modem  airplane,  and  this  work  has  been  so  well  done 
that  it  is  being  incorporated  substantially  in  the  stand- 
ards adopted,  by  the  International  Aircraft  Standards 
Board  (on  which  the  Society  is  officially  represented) 
and  the  Aviation  Section  of  the  Signal  Corps. 

Work  of  a  similar  nature  has  been  done  by  the  newly 
created  Motorcycle  Division  of  the  Society  Standards 
Committee.  Although  the  program  of  the  Government  in 
connection  with  motorcycle  standardization  is  not  yet  as 
fully  developed  as  that  of  truck  standardization,  a  simi- 
lar procedure  is  likely  and  seems  certain  to  be  quite  as 
successful.  In  this  also  Society  members  are  doing  the 
bulk  of  the  work. 

For  patriotic  reasons  the  major  work  of  the  Society 
in  standardization,  as  in  other  lines,  has  properly  been 
that  done  in  the  interest  of  the  Government.  This  work 
will,  however,  have  a  decided  effect  upon  automotive 
industries  after  the  war ;  and  it  is  not  by  any  means  ex- 
clusively a  war  emergency  matter,  nor  has  it  been  done 
to  the  exclusion  of  other  important  standardization  work. 
I  cannot  attempt  to  enumerate  here  all  the  standards 
created,  but  many  of  the  divisions  have  done  work  of 
great  credit  to  the  Society.  The  Chairman  of  the  Stand- 
ards Committee  and  all  the  members  thereof  are  deserv- 
ing of  our  thanks  and  appreciation. 

During  the  year  no  feviwr  than  eleven  new  divisions  of 
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the  Standards  Committee  have  been  created.  This  am- 
plification of  activity  covers  fully  the  newer  fields  of  au- 
tomotive engineering,  and  is  bound  to  have  a  beneficial 
effect  upon  the  industries  concerned.  In  order  to  show 
the  extent  of  our  work,  exhibits  of  parts  made  up  to 
S.  A.  E.  standards  have  been  made  at  automobile,  aero- 
nautic and  tractor  shows,  and  similar  exhibits  are  con- 
templated for  several  of  the  trade  shows  to  be  held  within 
the  next  few  months. 

The  prosecution  of  the  standards  work  has,  of  course, 
involved  considerable  expense  and  could  hardly  have  been 
carried  on  except  for  the  generous  financial  support  ac- 
corded by  the  National  Automobile  Chamber  of  Com- 
merce, the  Motor  and  Accessory  Manufacturers'  Associ- 
ation, the  Aero  Club  of  America,  and  the  National  Asso- 
ciation of  Engine  and  Boat  Manufacturers.  We  believe 
these  organizations  feel  well  repaid  by  the  results  ac- 
complished. I  desire  to  take  this  opportunity  to  thank 
them  publicly  for  their  support. 

Work  op  the  Washington  Office 

The  cooperation  mentioned  under  the  head  of  stand- 
ards work  is  not  by  any  means  the  only  way  in  which  the 
Society  has  been  of  assistance  to  the  Government.  Prior 
to  the  declaration  by  this  country  of  war  on  Germany 
the  Council  decided  upon  the  establishment  of  a  Wash- 
ington ofilce.  The  function  of  this  office  has  been  to  ren- 
der the  most  effective  assistance  possible  to  the  Govern- 
ment and  the  members  along  automotive  engineering 
lines.  One  of  the  important  things  accomplished  has  been 
the  taking  of  a  census  of  the  entire  membership  with  a 
view  to  acquainting  the  Government  with  the  qualifica- 
tions of  the  members.  The  large  number  of  blanks  re- 
turned as  a  result  of  this  census  have  been  carefully 
classified  according  to  the  experience  of  the  members, 
and  have  been  made  available  to  those  branches  of  the 
government  service  requiring  men  in  either  civilian  or 
commissioned  capacities. 

In  large  part  as  a  result  of  this  something  over  one 
hundred  twenty-five  members  of  the  Society  have  re- 
ceived commissions  and  are  doing  engineering  work  of 
the  greatest  importance,  and  an  almost  equal  number  are 
serving  in  civilian  capacity,  while  many  more  are  giv- 
ing a  portion  of  their  time  to  work  in  an  advisory  ca- 
pacity. The  work  being  done  includes  nearly  every 
branch  of  design,  construction,  inspection,  development, 
repair  and  operation  of  automotive  apparatus.  I  shall 
not  attempt  to  list  the  numerous  activities  involved,  but 
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one  of  the  most  important  chapters  in  the  history  of  the 
Society  is  certain  to  be  that  having  to  do  with  the  splen- 
did cooperation  of  our  membership  with  the  Government 
in  the  prosecution  of  the  war. 

The  activities  of  the  Sections  of  the  Society  have  kept 
pace  with  those  of  the  parent  organization.  The  year 
has  seen  the  establishment  of  two  new  sections,  one  in 
Buffalo  and  one  in  Minneapolis,  both  of  which  have  held 
meetings  of  importance.  The  Sections  Committee  has 
done  excellent  work  in  correlating  the  activities  of  the 
sections,  and  the  prospects  for  the  future  are  bright. 
The  work  of  the  sections  is  properly  regarded  as  one  of 
increasing  importance  and  it  is  to  be  hoped  that  mem- 
bers in  all  localities  where  sections  are  established  will 
give  them  hearty  support.  In  localities  where  there  are 
few  members,  it  is  planned  to  hold  occasional  meetings 
which  it  is  hoped  will  ultimately  increase  the  interest  in 
the  work  of  the  Society  to  such  an  extent  as  to  warrant 
the  establishment  of  sections. 

New  S  a  E  Periodical 

With  the  growth  of  the  Society  a  larger  and  somewhat 
more  ambitious  monthly  periodical  became  desirable, 
and  we  are  now  publishing  what  is  known  as  The  Jouk- 
NAL  OP  THE  Society  of  Automotive  Engineers,  a  peri- 
odical which  ha9  received  the  highest  praise  not  only 
from  our  members  but  from  other  well-qualified  judges 
of  technical  publications.  It  should  be  realized,  however, 
that  the  Society  publications  will  necessarily  be  what  the 
membership  makes  them.  Each  member  should  therefore 
give  the  Society  the  benefit  of  his  experience  by  the  prep- 
aration of  papers  on  automotive  engineering  subjects; 
these  should  include  original  research  data  and  des*gn 
and  engineering  data  of  all  descriptions  that  will  benefit 
the  profession  and  reflect  credit  upon  the  Society  through 
which  they  are  published. 

In  order  to  carry  on  the  enlarged*  and  ever-increasing 
work  of  the  Society  the  Council  has  considered  it  desir- 
able to  secure  larger  quarters,  and  has  therefore  ar- 
ranged with  the  management  of  the  Engineering  So- 
cieties' Building  for  the  lease  of  its  entire  sixth  floor, 
except  one  inside  room  not  at  present  required.  The  So- 
ciety will  thus  be  housed  in  quarters  befitting  its  size 
and  importance  in  the  engineering  field. 

In  order  to  handle  the  increased  volume  of  business 
done  by  the  Society  it  has  been  necessary  for  the  Council 
to  employ  a  larger  office  staff.  The  work  of  the  Society,  is 
thus  carried  forward  through  an  organization  created  for 
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the  purpose  without  making  undue  demands  upon  the 
time  of  the  members. 

I  have  already  referred  specifically  to  work  that  the 
Society  is  doing  in  two  of  the  newer  ph&ses  of  endeavor — 
the  airplane  and  the  farm  tractor.  Similar  work  is  in 
progress  in  the  marine  field  in  which  considerable 
standardization  activity  has  been  apparent  for  some  time. 
Plans  for  a  meeting  of  particular  interest  to  those  in 
this  field  have  already  been  announced. 

Similar  activities  have  been  planned  for  the  mem- 
bers particularly  interested  in  the  stationary  and  farm 
engine  field.  A  new  division  of  the  Standards  Commit- 
tee has  been  created  to  undertake  standardization  in  this 
branch,  and  other  work  corresponding  to  that  already  ac- 
complished in  the  older  lines  of  endeavor  is  contemplated. 

I  should  not  feel  my^  duty  complete  if  I  failed  to  men- 
tion a  severe  loss  sustained  by  the  Society  during  the 
year.  I  refer  to  the  untimely  death  of  the  late  Major 
Henry  Souther,  past-president  of  the  Society  and  for 
some  years  chairman  of  its  Standards  Committee.  His 
untiring  efforts  in  the  interest  of  the  Society  will  long 
be  remembered. 

In  closing  let  me  say  that  the  extraordinary  results 
obtained  during  the  year  could  not  have  been  secured 
without  the  hearty  support  and  untiring  effort's  of  all 
the  members  of  the  Council,  and  the  closest  cooperation 
and  efforts  of  our  committees  and  the  members  of  the 
Society  in  general.  The  good  work  must  and  I  am  sure 
will  be  carried  forward  through  the  officers  of  the  in- 
coming administration  and  the  others  chosen  to  repre- 
-sent  the  members  on  next  year's  Council,  and  I  am  sure 
that  even  greater  success  will  crown  their  efforts  for  the 
Society,  the  automotive  industries  and  democracy. 
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TREASURER'S  REPORT 

The  Treasurer's  report  for  the  eight  months  ended  May 
31,  1918,  is  as  follows: 

Balance  on  Hand,  Oct.  1,  1917 ' 

Savings  Account  $7,000.00 

Checking  Account 4,986.95 

Cash  in  Office  390.66 

$12,876,61 

Receipts 

Initiation  Fees  and  Dues $55,651.61 

Pin,  Binder  and  Folder  Sales 3,220.85 

Publication  and  Other  Receipts 73,801.48 

$182,673.94 
Less  Cash  Discount 605.63 

Total  Receipts  $132,068.31 

$144,444.82 
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Total  Amounts  Brougrht  Forward $144,444.82 

Diabursementa 

Salaries   $27,962.28 

Pins 3,070.15 

Postage 4,364.57 

Publications 24,731.66 

Rent    .^ 5,059.12 

Meetings 12,282.39 

Telephone  and  Telegraph 853.93 

Stationery  and  Supplies 2,656.32 

Express   752.22 

Furniture  and  Fixtures  1,686.19 

Standards  Committee 6,974.76 

Convention  Reporting  296.83 

Investment  .•. 22,000.00 

Unclassified   10,574.53 

$123,264.94 
Less  Discount  749.67 

Total  Disbursements $122,615.27 


$21,929.55 


Balance  on  Hand,  May  31,  1918 

Checking  Account $10,729.55 

Petty  Cash ." 450.00 

Certificate  of  Deposit 6,000.00 

Office  Manager's  Account 4,750.00 

$21,929.55 

May  31,  1918 
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REPORT  ON  CONSTITUTIONAL 
AMENDMENTS* 

The  Constitutional  Committee  of  the  Council  has  been 
requested  to  give  consideration  to  suggested  amendments 
to  the  Constitution  covering 

(1)  Provisions  for  grading  the  membership 

(2)  Provision  for  a  foreign  grade  of  membership 

(3)  Provision   for  the  United   Service  grade  of 
membership,  and 

(4)  Provision   for   an    additional    administrative 
committee  to  be  known  as  the  Sections  Committee. 

It  has  been  felt  that  a  revision  of  the  classification  of 
active  members  is  desirable  to  permit  the  broadening  of 
the  activities  of  the  Society  by  means  of  increased  mem- 
bership. Several  suggestions  to  this  end  have  been  pre- 
sented for  the  consideration  of  the  Committee. 

The  first  is  an  amendment  to  Paragraph  C  8  of  the 
Constitution,  which  would  more  clearly  outline  the  quali- 
fications governing  admission  to  Member  grade ;  the  sec- 
ond is  to  change  the  designation  of  grading  from  Member 
and  Associate  Member  to  Technical  Member  and  Indus- 
trial Member,  the  idea  being  that  there  is  a  certain  class 
distinction  between  Member  and  Associate  that  would  be 
more  clearly  indicated  by  the  suggested  change  and  that 
would  appeal  to  men  of  high  standing  in  the  industry  who 
feel  that  their  ability  and  contributions  to  the  industry 
have  not  been  fully  recognized  when  they  are  assigned 
to  Associate  membership,  but  who  are  not  possessed  of 
the  necessary  qualifications  in  a  technical  way  to  admit 
them  as  Members. 

The  Committee  feels,  however,  that  this  proposal  would 
not  cover  the  situation  unless  an  amendment  were  made 
that  would  give  the  Industrial  and  Technical  Members 
equal  powers  with  respect  to  holding  office  and  voting; 
this  would  result  in  there  being  no  practical  difference 
between  the  two  grades  of  membership  and  therefore  no 
reason  for  the  proposed  difference  in  name. 

A  third  alternative  is  that  all  membership  distinction 


•The  amendments  Incorporated  In  thla  report  were  submitted  in 
writing  at  the  annual  meeting  held  January,  1918,  in  New  York, 
being  proposed  by  J.  G.  Utz  and  seconded  by  C.  B.  Whittelsey. 
In  accordance  with  C  66  of  the  Constitution  of  the  Society  they  were 
received,  for  presentation  at  the  next  semi-annual  meeting. 
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be  eliminated  among  the  active  members,  the  division  to 
be  somewhat  as  follows :  Members,  Junior  Members,  Af- 
filiate Members,  etc. 

This  suggestion  has  certain  advantages  inasmuch  as  it 
would  remove  the  necessity  of  the  Council  deciding  or 
using  any  discretion  other  than  the  acceptability  of  an 
applicant  for  membership.  It  is  open  to  some  objection  on 
the  score  of  being  a  revolutionary  departure  from  the 
precedents  established  in  the  conduct  of  practically  all 
engineering  organizations.  It  has  therefore  appeared 
to  the  Committee  that  the  first  alternative  is  the  only  one 
that  it  can  at  the  present  time  present  to  the  Society  for 
consideration. 

It  is  proposed  that  C  5  of  the  Constitution  shall  be 
amended  to  read : 

The  membership  of  the  Society  shall  consist  of  Hon- 
orary Members,  Members,  Associates,  Juniors,  Depart- 
mental Members,  United  Service  Members,  Foreign  Mem- 
bers and  Affiliate  Members.  Honorary  Members  and 
Members  are  entitled  to  vote  and  to  hold  office.  Associ- 
ates, Juniors,  Departmental  Members,  United  Service 
Members,  Foreign  Members  and  Affiliate  Members  shall 
not  be  entitled  to  vote  or  to  be  officers  of  the  Society,  but 
shall  be  entitled  to  the  other  privileges. 

It  is  proposed  that  C  8  of  the  Constitution  be  amended 
to  read:- 

Member  grade  shall  be  composed  of  persons  26  years 
of  age  or  over,  who,  by  previous  technical  training  or  ex- 
perience, or  by  present  occupation,  are  qualified  to  act  as 
designers  or  constructors  of  complete  automotive  ve- 
hicles or  their  important  component  parts;  or  to  exercise 
responsible  technical  supervision  of  the  production  of 
materials  germane  to  the  construction  of  automotive 
vehicles ;  or  to  take  responsible  charge  of  automotive  en- 
gineering work ;  or  to  impart  technical  instruction  in  au- 
tomotive vehicle  design  and  construction ;  or  who,  by  rea- 
son of  distinguished  service  or  noteworthy  accomplish- 
ment would,  in  the  discretion  of  the  Council,  appear  to 
be  desirable  additions  to  this  grade. 

The  Committee  feels  that  this  amendment  clearly  out- 
lines the  qualifications  for  membership  in  the  Society 
based  on  technical  ability  and  still  allows  for  the  admis- 
sion to  full  membership  of  men  who  by  reason  of  their 
position  in  the  industry  are  entitled  to  have  a  voice  in 
the  direction  of  its  affairs. 
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After  C  10  the  following  shall  be  added: 

United  Service  Membership  shall  be  composed  of  en- 
gineers 26  years  of  age  or  over,  engaged  exclusively  by 
the  Federal  Government,  the  qualifications  for  this  grade 
being  the  same  as  those  for  Member  grade. 

Foreign  Membership  shall  be  composed  of  engineers 
26  years  of  age  or  over,  resident  in  countries  other  than 
the  United  States,  Canada,  Mexico  or  Cuba.  The  qualifi- 
cations for  this  grade  shall  be  the  same  as  those  for  Mem- 
ber grade. 

A  member  who  has  become  eligible  for  either  the 
United  Service  Grade  or  the  Foreign  Member  Grade 
may,  upon  written  request,  be  transferred  to  such  grade 
and  thereafter,  beginning  with  the  next  dues  period,  pay 
the  annual  dues  for  said  grade. 

C  13  shall  be  amended  to  read: 

The  rights  and  privileges  of  every  Honorary  Member, 
Member,  Associate,  Junior,  United  Service  Member  and 
Foreign  Member  shall  be  personal  to  himself  and  shall 
not  be  transferable  by  his  own  act  or  by  operation  of  law. 
Departmental  Membership  and  AfiUiate  Membership  also 
shall  not  be  transferable. 

C  15  shall  be  amended  to  read: 

All  original  applications  for  election  to  the  grade  of 
Member,  Associate,  Junior,  United  Service  Member  or 
Foreign  Member  shall  be  presented  to  the  Council,  which 
shall  consider  and  act  upon  each  application,  electing  each 
applicant  to  the  grade  of  membership  to  which  in  its 
judgment  his  qualifications  entitle  him.  Two  negative 
votes  shall  defeat  an  election. 

C  20  shall  be  amended  to  read : 

The  initiation  fee  for  membership  in  each  grade  and 
for  Student  Enrollment  shall  be  as  follows : 

For  Member,  $25.00 

For  Associate,  25.00 

For  Junior,  10.00 

For  United  Service  Member,  10.00 

For  Foreign  Member,  10.00 

For  Student  Enrollment,  None 

For  Departmental  Member,  100.00 

For  Affiliate  Member,  50.00 
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C  21  shall  be  amended  to  read: 

The  annual  dues  for  membership  in  each  grade  and 
for  Student  Enrollment  shall  be  as  follows: 

For  Member,  $15.00 

For  Associate,  15.00 

For  Junior,  5.00 

For  United  Service  Member,  10.00 
For  Foreign  Member,  10.00 

For  Student  Enrollment,  3.00 

For  Departmental  Member,  None 
For     One    AflUiate    Member 

Representative,  15.00 

For  each   additional   AfiSliate 

Member  Representative,         10.00 

C  22  shall  have  the  following  added  thereto: 

A  United  Service  Member  shall,  upon  discharge  from 
the  Service,  promptly  notify  the  Secretary  of  such  dis- 
charge, and  shall  then  be  transferred  to  Member  grade 
and  shall  pay  the  difference  in  initiation  fee  (provided 
he  has  not  previously  paid  such  fee)  and  thereafter  be- 
ginning with  the  next  fiscal  period,  shall  pay  the  annual 
dues  for  Member  grade. 

A  Foreign  Member  shall  notify  the  Secretary  upon 
change  of  residence  to  territory  rendering  him  ineligible 
for  Foreign  Grade,  or  temporary  change  of  abode  to  such 
territory  for  more  than  six  months  in  a  given  dues 
period,  and  shall  thereupon  be  transferred  to  Member 
grade  and  shall  pay  the  difference  in  initiation  fee  for 
Member  grade  and  thereafter,  beginning  with  the  next 
fiscal  period,  shall  pay  the  annual  dues  for  Member  grade. 

C  25  shall  be  amended  to  read: 

Any  Member,  Associate,  Junior,  United  Service  Mem- 
ber, Foreign  Member,  or  Affiliate  Member,  who  shall  leave 
the  annual  dues  unpaid  for  three  months  shall  not  re- 
ceive any  publications  of  the  Society  until  such  dues  are 
paid.  Any  Member,  Associate,  Junior,  United  Service 
Member,  Foreign  Member,  or  Affiliate  Member  who  shall 
leave  the  dues  unpaid  for  one  year  shall,  in  the  discretion 
of  the  Council,  cease  to  have  any  further  rights  in  the 
Society  and  be  stricken  from  the  rolls  of  membership. 
The  resignation  of  a  member,  whose  account  with  the 
Society  is  not  fully  settled,  can  be  accepted  only  by  vote 
of  the  Council. 
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C  26  shall  be  amended  to  read : 

The  Council  may  temporarily  suspend  the  annual  pay- 
ment of  dues  by  any  Member,  Associate,  Junior,  United 
Service  Member  or  Foreign  Member,  vtrhose  circum- 
stances have  become  such  as  to  make  it  impossible  for 
him  to  pay  the  dues,  and  may  under  similar  circum- 
stances waive  the  whole  or  part  of  dues  in  arrears.  Such 
action  shall  be  taken  only  upon  the  written  application  of 
the  Member,  Associate,  Junior,  United  Service  Member 
or  Foreign  Member,  signed  by  three  other  members  in 
good  standing,  or  evidence  satisfactory  to  the  Council 
that  the  action  is  for  the  best  interests  of  the  Society. 

It  is*  the  intent  of  the  amendments  that  the  United 
Service  and  Foreign  Member  grades  be  strictly  limited 
to  persons  possessing  qualifications  for  full  membership, 
because  the  dues  and  initiation  fees  provided  mean 
that  these  grades  will  be  carried  at  a  loss  to  the  Society. 
It  is,  however,  felt  that  there  is  a  real  field  for  the  So- 
ciety to  do  excellent  work  and  to  put  its  information  into 
the  hands  of  desirable  persons  by  this  method. 

C  45  shall  be  amended  to  read : 

The  President  shall,  within  thirty  days  after  taking 
oflke,  appoint,  from  the  individual  membership  of  the 
Society,  the  following  Committees,  designating  the 
Chairmen  thereof: 

Finance  Committee,  consisting  of  five  members. 
Meetings  Committee,  consisting  of  five  members. 
Publication  Committee,  consisting  of  five  members. 
Membership  Committee,  consisting  of  five  members, 
House  Committee,  consisting  of  five  members. 
Sections  Committee,  consisting  of  five  members. 
Tellers  as  required  by  the  By-Laws. 
There  shall  be  also  a  standing  committee  of  the  Society 
called  the  Constitution  Committee,  consisting  of  three 
members,  one  of  whom  shall  be  appointed  by  the  Presi- 
dent within  thirty  days  after  taking  office,  for  a  term  of 
three  years.    The  member  who  shall  have  but  one  year 
yet  to  serve  shall  be  the  chairman. 

At  present.  Section  matters  are  handled  by  a  com- 
mittee consisting  of  a  member  of  the  Council,  the  chair- 
men of  the  various  Sections  and  a  member  of  the  Society, 
who  is  a  representative  of  the  New  York  Office,  acting  as 
secretary.  It  is  felt  that  the  importance  of  the  work  of 
the  Sections  makes  it  desirable  that  these  matters  be 
handled  by  a  standing  committee  of  the  Society  appointed 
by  the  President  under  authority  of  the  Constitution. 
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TYPES  OF  MILITARY  AIRPLANES 
By  Col  V  E  Clark* 

The  military  types  of  airplanes,  as  influenced  by 
military  functions  and  as  influencing  the  design  of  the 
engine  that  goes  into  the  plane,  will  be  the  subject  of  this 
brief  discussion. 

The  Allies  have  run  to  more  types  than  the  enemy. 
One  of  the  main  reasons  for  this  is  that  the  Allies  have 
listened  more  to  the  demands  of  their  fliers,  who  have 
exerted  much  influence  on  plane  and  engine  design. 
Because  of  this,  standardized  production  has  been  sacri- 
ficed to  individual  requirements. 

It  will  be  America's  part  in  the  aircraft  program  to 
select  those  types  that^best  lend  themselves  to  big  pro- 
duction— to  look  ahead  six  or  twelve  months  in  an  en- 
deavor to  anticipate  the  advance  requirements,  and  then 
design  those  types  in  such  a  way  that  they  can  be  built 
on  a  large  scale.  Standardization  means  fewer  types  and 
greater  numbers  of  machines.  We  must  select  perhaps 
five  or  six  types,  develop  them,  and  prodmce  them  by  the 
thousands. 

We  should  select  for  standardization  from  the  follow- 
ing types: 

(1)  Airplanes  of  Observation. 

(2)  Airplanes  of  Combat  and  Pursuit. 

(3)  Airplanes  of  Destruction  and  Harassment. 

(4)  Special  Types. 

None  of  these  types  is  new.  All  can  be  developed  to 
a  far  greater  degree  of  eflSciency  than  those  now  being 
used.  Each  type  has  a  different  function.  Airplanes  of 
observation  must  aid  the  army  on  the  ground  in  success- 
fully performing  its  operations.  Those  of  combat  and 
pursuit  must  prevent  enemy  aircraft  from  doing  damage 
in  any  way.  Those  of  destruction  and  harassment  will 
infiict  direct  damage  on  the  enemy.  With  special  types 
we  have  little  concern.  Of  chief  concern  to  the  Aircraft 
Board — to  America — in  fact,  to  the  world,  are  those 
planes  that  will  inflict  direct  damage  on  the  enemy.  They 
are  the  bombing  machines,  upon  which  depends  a  sub- 
stantial part  of  the  measure  of  victory;  of  that  I  am 
convinced. 

The  need  for  these  being  vital  and  well  recognized,  and 
the  hour  of  their  initial  production  being  at  hand,  I  shall 
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confine  my  remarks  to  a  limited  discussion  of  their  pos- 
sibilities* 

Bombing  operations  provide  practically  all  the  real 
damage  that  it  is  at  present  possible  for  an  airplane  to 
inflict  upon  the  enemy.  In  comparison  with  these  the 
slight  damage  caused  by  bringing  down  his  airplanes, 
each  containing  one  or  two  men  only,  or  shooting  up  his 
trenches  or  truck  trains,  is  negligible. 

The  enemy  should  be-  harassed  continually  from  the 
air.  Two  classes  of  bombers  should  be  employed — day 
bombers  and  night  bombers. 

Use  of  Day  Bombers 

Day  bombers  will  be  used  almost  entirely  for  the  de- 
moralizing effect  on  the  enemy  of  perpetual  anxiety,  ex- 
cept in  a  few  special  cases  where  vulnerable  objectives 
are  difiicult  to  find  by  night. 

The  primary  military  functions  of  the  day  bomber  are: 

(1)  To  destroy  important  points,  such  as  small  objects 
difiicult  to  find,  headquarters,  small  ammunition  "dumps,'' 
small  storehouses  containing  munitions  or  supplies,  small 
railway  junctions,  and  small  aerodromes. 

(2)  To-  bomb  such  communities  as  is  considered  de- 
sirable, especially  factories  and  factory  towns. 

(3)  To  conduct  long-range  reconnaissance,  strategical 
reconnaissance,  reconnaissance  by  staff  ofiioers  or  with 
camera. 

(4)  To  do  special  photographic  work  so  far  beyond  the 
lines  as  to  necessitate  great  altitude,  demanding  a  camera 
of  great  focal  length  and  therefore  unusual  size  and 
weight. 

The  primary  requirements  for  such  an  airplane  in  order 
that  it  may  effectively  perform  its  military  functions  are: 

(a)  Ability  to  protect   itself  effectively   against  all, 
hostile  aircraft,  which  demands  good  speed  at  altitude, 
strong  climbing  ability,  powerful  and  reliable  armament, 
and  a  satisfactory  degree  of  "handiness." 

(b)  A  reliable  powerplant. 

(c)  A  powerplant  with  good  fuel  efficiency. 

(d)  Large  bombing  capacity.  I  believe  that,  at  the 
present  time,  it  is  not  an  economic  proposition  to  send  a 
trained  pilot  and  a  trained  "bombardier"  a  great  dis- 
tance beyond  the  enemy's  line  unless  at  least  600  pounds 
of  bombs  are  carried. 

(e)  Effective  provision  for  accurate  sighting  and 
dropping  of  bombs. 

(f)  Ceiling  sufficiently  high  to  give  the  machine  a 
good  chance  of  escaping  detection  as  it  crosses  the  line. 
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(g)  Muffler  for  the  exhaust  arranged  to  be  cut  in  and 
off  at  the  will  of  the  pilot. 

(h)  Two  or  three  machine  guns,  one  firing  through  the 
propeller  disk  and  one  or  two  with  all-around  fire,  with 
good  field  to  the  rear. 

(i)  Provision  to  carry  two  men. 

(k)  A  reliable  compass. 

Typical  airplanes  of  the  day  bomber  type  are  the 
DeHaviland-9  (British),  with  300-hp.  Fiat  engine;  the 
S.  I.  A.  7-B  (Italian),  with  20b-hp.  Fiat  engine;  the 
S.  I.  A.  9-B  (Italian),  with  600-hp.  Fiat  engine,  and  the 
Breguet  14-B2  (French),  with  800-hp.  Renault  engine. 
The  German  Grotha  twin-engine  machine  (two  260-hp. 
Mercedes  engines),  while  rather  too  slow  and  too  un- 
handy for  the  purpose,  has  done  some  service  in  bombing 
by  day  over  London. 

Night  Bombers 

The  type  designed  for  bombing  by  night  must,  in  my 
opinion,  be  depended  upon  to  inflict  real  material  damage 
upon  the.  enemy.  I  believe  that  the  consistent  employ- 
ment of  these  machines  in  large  numbers  on  every  good 
moonlight  night  to  bomb  Germany's  munition  factories, 
factory  towns,  important  railway  Junctions,  large  muni- 
tion depots,  the  bridges  across  the  Rhine,  the  Kiel  Canal, 
important  docks',  submarine  bases  and  certain  cities, 
would  end  the  war  in  a  shorter  period  of  time  than  is 
possible  by  any  other  means. 

The  primary  requirements  for  these  machines  in  order 
that  they  may  effectively  perform  their  functions  are : 

(a)  Great  bomb  capacity. 

(b)  Reliable  powerplant. 

(c)  Powerplant  with  good  fuel  efficiency. 

(d)  Proper  degree  of  stability  and  ease  of  control  to 
enable  a  pilot  of  ordinary  ability  to  fiy  and  land  at  night. 

(e)  Effective  provision  for  accurate  sighting,  and 
dropping  of  bombs. 

(f )  Accurate  compass  and  other  instruments  needed 
for  navigation  by  night,  with  provision  for  reading  con- 
veniently.- 

(g)  Provision  for  carrying  two  to  five  men.  Probably 
the  best  practice  is  a  crew  of  three,  a*  chief  pilot,  a 
"bombardier,"  and  one  man  at  the  gun  forward  or  to 
the  rear,  as  may  be  necessary,  and  to  act  as  relief  pilot. 

The  load  of  bombs  that  can  be  carried  will  depend 
upon  the  total  power  available  at  an  altitude  of  1Q,000 
feet,  and  «pon  the  distance  of  the  objwtWe  (which  will 
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regulate  the  initial  fuel  supply).  The  ratio  of  total 
weight  of  airplane,  with  full  initial  load,  to  the  total 
power  available  should  be  small  enough  to  permit  a 
ceiling  of  at  least  11,500  feet,  starting  with  full  load.  The 
powerplant  will  be  divided  into  two  or  possibly  three 
units.  Suppose  that  two  U.  S.  A.  12-cylinder  engines 
be  installed;  if  no  device  is  incorporated  to  maintain 
the  power  constant  with  change  in  altitude,  the  total 
power  available  at  10,000  feet  altitude  should  be  about 
450  horsepower.  Sujtpose  that  the  objective  lies  155 
miles  beyond  the  lines,  a  bomb  load  of  between  2000 
and  2700  pounds  can  be  carried,  and  the  necessary  initial 
ceiling  obtained,  provided  the  general  design  of  the 
airplane  be  good. 

Limiting  Weight 

The  total  weight  of  the  airplane  in  pounds  with  full 
initial  load  should  not  be  more  than  22  times  the  number 
of  horsepower  available  at  10,000  feet.  The  total  weight 
should  not  be  more  than  5.63  lb.  per  square  foot.  The 
machine  should  have  a  possible  horizontal  speed,  at  an 
altitude  of  10,000  feet  of  not  less  than  85  miles  per  hour. 
Starting  with  full  load,  the  airplane  should  be  capable 
of  climbing  to  an  altitude  of  10,000  feet  in  not  more  than 
27  minutes.  For  every  16  miles'  increase  in  radius  neces- 
sary to  reach  the  objective,  100  pounds  of  bombs  are 
sacrificed. 

T3rpical  airplanes  of  the 'night  bomber  type  are  the 
Caproni  triplane  (Italian)  with  three  273-hp.  Isotta- 
Fraschini  engines;  the  Handley-Page  (British)  with 
320-hp.  Sunbeam  engines ;  and  the  Caproni  biplane  with 
three  210-hp.  S.  P.  A.  engines.  The  German  Gotha, 
with  two  260-hp.  Mercedes  engines,  is  typical. 

The  number  of  night-bombing  airplanes  built  and  sup- 
plied should  depend  solely  upon  the  number  of  pilots 
available  for  this  work.  A  far  lower  degree  of  flying 
skill  is  required  to  pilot  a  large,  slow,  night  bomber  than 
a  fast,  fighting  machine,  although  more  mature  judg- 
ment is  necessary.  As  a  matter  of  fact,  the  number  built 
and  supplied  will,  in  all  probability,  eventually  depend 
upon  steamship  space  for  transportation,  upon  the  hangar 
space  at  the  aerodromes  in  France,  and,  possibly,  upon 
the  appropriation  available. 

Am  Raids  With  Bombs 

Consider,  for  example,  a  fleet  of  several  hundred  night- 
bombing  airplanes,  each  carrying  a  ton  and  a  half  of 
bombs,  flying  from  large  aerodromes  placed  say  25  miles 
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to  the  rear  of  the  line.  The  fleet  penetrates  to  Essen, 
for  instance.  Each  machine  finds  its  objective  and  drops 
ten  160-lb.  bombs  of  the  high-explosive  type  on  the  fac- 
tories and  forty  25-lb.  bombs  filled  with  poisonous  gas 
and  twenty-four  25-lb.  bombs  of  the  incendiary  type 
throughout, the  factory  town,  and  returns  home. 

In  the  existing  phase  of  the  war  were  our  night-bomb 
ing  airplanes  of  sufficient  numerical  strength,  it  would 
be  no  longer  a  matter  of  individual  and  isolated  raids 
on  selected  places  at  which  the  maximum  of  injury 
could  be  inflicted,  although  even  consistent  bombing  of 
factory  towns  would  end  the  war  surely  an.d  quickly,  but 
rather  a  continuous  and  unrelenting  attack  on  every  point 
df  strategical  importance. 

Depots  of  every  kind  in  the  rear  of  the  enemy's  lines 
would  cease  to  exist ;  rolling  stock  and  mechanical  trans- 
port would  be  destroyed;  no  bridge  would  be  allowed  to 
stand  for  twenty-four  hours;  railway  junctions  would  be 
subject  to  continuous  bombardment,  and  the  lines  of  rail- 
way and  the  roads  themselves  broken  up  nightly  by  giant 
bombs  to  such  an  extent  as  to  baflle  all  attempts  to 
maintain  or  restore  communication. 

In  this  manner  a  virtually  impossible  zone  would  be 
created  in  the  rear  of  the  enemy  defenses,  a  zone  varying 
from  100  to  200  miles  in  width.  As  soon  as  this  con- 
dition had  been  brought  about,  the  position  of  the  de- 
fending force  would  be  precarious,  and  would  eventually 
become  impossible.  The  defense  would  be  strangled  by 
uncertainty  and  lack  of  supplies  of  all  kinds.  Ultimately 
retreat  would  become  impossible.  The  defending  force 
would  find  itself  in  a  state  of  siege  under  the  worst 
possible  conditions.  Its  position  would  be  in  the  form 
of  an  extended  line  along  which  the  forces  of  all  arms 
would  be. definitely  immobile,  since  the  lateral  communi- 
cation would  suffer  no  less  than  the  lines  from  the  rear. 
In  short,  a  reign  of  terror  would  exist.  Such  a  condition 
presents  all  the  elements  conducive  to  complete  and  ir- 
reparable disaster. 
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REASONS  BEHIND  THE  UBERTY  AVIATION 
ENGINE 

By  Major  Jesse  G  Vincent* 

Last  spring  the  Government  had  before  it  the  prob- 
lem of  deciding  on  an  aircraft  program.  We  heard  at 
that  time  and  we  still  hear  that  we  should  take  the 
best  engines  available  abroad  and  manufacture  them 
in  this  country.  The. French  and  English  engineers 
agreed  that  there  was  no  engine  then  being  built  in 
this  country  that  would  be  of  any  value  at  the  front. 
They  told  us  that  an  engine  weighing  about  two  pounds 
per  horsepower  was  required,  and  that  although  such 
engines  were  not  then  a  reality  they  were  in  process  of 
development,  and  it  was  hoped  that  they  would  be  built 
within  a  year. 

In  other  words,  last  spring  it  was  impossible  to  select 
an  engine  from  abroad  because  the  manufacturers  there 
did  not  then  have  a  type  with  which  they  were  themselves 
satisfied.  They  were  getting  along  the  best  they  could 
with  what  they  had,  so  it  was  finally  decided  to  take 
all  the  best  features  embodied  in  the  engines  of  both 
the  Allies  and  the  Germans  and  combine  them  into  a 
composite  model  having  no  experimental  features.  It 
was  desired  to  combine  all  the  benefits  of  the  experimen- 
tal work  done  by  the  Allies  and  at  the  same  time  have 
the  fewest  possible  number  of  types,  a  manufacturing 
method  followed  by  the  Germans. 

The  original  scheme  embodied  the  manufacture  of  a 
number  of  engines  with  interchangeable  parts.  The  cyl- 
inders were  to  be  varied  from  four  tb  twelve,  possibly 
using  more  later  if  it  seemed  desirable.  At /first  it  was 
decided  to  build  an  eight-cylinder  engine  of  about  150 
hp.,  but  before  that  was  completed  we  were  asked  to 
provide  a  twelve-cylinder  engine  giving  over  300  hp., 
because  more  power  was  necessary. 
.  We  must  remember  that  there  was  no  engine  in  this 
country  developing  enough  power  to  satisfy  the  re- 
quirements at  the  front.  It  was  necessary  therefore 
to  provide  the  entire  manufacturing  facilities  for  one  or 
more  high-power  aircraft  engines.  If  ten  or  fifteen  fac- 
tories in  this  country  had  been  asked  to  design  engines 
of  from  350  to  400  hp.,  at  least  ten  or  fifteen  different 
kinds  of  engines  would  have  been  the  result.   Moreover, 
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it  would  have  been  impossible  for  all  the  designers  to 
have  before  them  the  latest  information  that  we  had 
available.  It  was  decided  therefore  that  it  was  abso- 
lutely necessary  to  design  a  completely  new  engine,  one 
for  which  the  drawings  and  specifications  woul'd  be  pre- 
pared by  the  Government/ so  that  they  could  be  handed 
to  the  manufacturers  to  produce  the  engines  in  quantity. 

I  want  to  acknowledge  the  hearty  cooperation  of  the 
automobile  engineers  and  manufacturers  in  doing  the 
work.  It  was  only  on  June  4  that  Major  Hall  and  I 
were  ordered  to  produce  ten  sample  engines.  We  had 
laid  out  at  Washington  just  about  what  the  design  was 
to  be.  We  then  went  back  to  Detroit  and  engaged  a 
large  force  of  draftsmen  to  prepare  the  rough  drawings. 
These  were  sent  out  through  the  country  and  the  first 
engine  was  produced  in  twenty-one  days.  The  patterns 
and  die  for  the  crankshaft  and  everything  else  were 
produced  in  that  time. 

In  designing  the  engine  we  took  it  unit  by  unit  and 
considered  first  what  would  be  the  best  design  and  second 
what  would  be  the  best  manufacturing  construction.  We 
took  the  cylinders,  the  valve-operating  mechanism,  the 
crankcase  construction,  the  crankshaft,  the  ignition,  and 
handled  them  in  this  way. 

The  building  of  the  twelve-cylinder  engine  of  course 
was  simple  after  the  eight-cylinder  had  been  finished, 
because  we  used  practically  the  same  parts  except  for 
the  crankshaft  and  crankcase. 

When  the  twelve-cylinder  engine  was  finished,  it  was 
given  a  50-hr.  test;  this  was  accomplished  without  mak- 
ing any  changes  and  without  making  a  single  adjustment 
during  the  run.  The  engine  was  not  operated  at  the 
maximum  horsepower  during  the  run  because  it  was  not 
designed  to  be  run  at  such  power  on  the  ground.  Since 
that  time,  however,  we  have  found  that  it  will  run  wide 
open  an  indefinite  length  of  time  on  the  ground.  We 
have  also  found  that  by  making  a  few  minor  changes 
it  will  stand  over  400  hp.  continuously  in  field  service. 
It  is  designed  for  fighting  machines  intended  to  fiy  at 
altitudes  of  thousands  of  feet,  and  weighs  about  two 
.  pounds  per  horsepower. 

When  the  sample  engines  were  being  built  the  Aircraft 
Production  Board  and  the  Signal  Corps  were  arranging 
for  facilities  so  that  the  engine  could  be  manufactured  in 
quantities.  The  equipment  for  manufacturing  the  steel 
cylinders  is  an  example  of  the  production  methods.  These 
cylinders  are  manufactured  from  tubes,  and  by  a  clever 
arrangement  the  end  that  is  closed  in  and  the  small  fissure 
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that  results  from  the  closure  of  the  end  come  just  where 
the  port  is  bored  out,  so  that  there  is  no  bad  metal  there. 

The  production  of  the  Liberty  engine  will  not  only  be 
of  great  benefit^  during  the  war,  but  it  will  also  do  the 
whole  automotive  industry  a  great  deal  of  good  after  the 
war.  The  engineers  of  the  Society  have  been  cooperat- 
ing for  years  and,  I  believe,  work  together  better  than 
the  members  of  any  other  engineering  society  in  the 
world.  Our  factories  have  also  cooperated  to  a  large 
extent,  but  the  work  now  going  on  in  the  automobile 
factories  producing  these  engines  is  bringing  them  to- 
gether to  a  marked  degree.  This  applies  not  only  to 
the  plants  making  the  engines,  but  also  to  the  com- 
panies making  the  parts. 

If  a  numl)er  of  different  aircraft  engines  had  been  de- 
signed in  different  factories,  it  would  not  have  been 
possible  to  secure  this  cooperation.  Each  man  would 
naturally  have  tried  to  make  his  own  engine  the  best. 
The  most  important  thing  is  the  fact  that  with  the 
standardized  engine  we  get  the  benefit  of  everybody's 
cooperation  on  one  article,  and  we  can  make  that  engine 
a  great  deal  better  than  if  any  one  company  continued 
to  make  it  for  a  year. 

At  present  we  have  nothing  but  twelve-cylinder  en^ 
gines  in  production,  and  do  not  believe  that  anything 
else  will  be  in  production  during  the  war,  because  we 
want  all  the  power  that  can  be  used  efficiently. 

THE  DISCUSSION 

(The  discussion  following  the  remarks  made  by  Colonel 
Clark  and  Major  Vincent  consisted  merely  of  questions 
regarding  the  operating  possibilities  and  construction  of 
the  Liberty  engine.  The  answers  by  Major  Vincent  are 
given  below,  substantially  in  complete  form.) 

The  cruising  radius  of  the  machines  in  which  the 
Liberty  engine  will  be  used  is  entirely  a  matter  of  plane 
design  and  the  load  to  be  carried.  The  twelve-cylinder 
engine  when  placed  in  a  small,  fast  machine  will  give  a 
considerable  cruising  radius,  provided  the  load  carried 
is  not  great.  On  the  other  hand,  two  or  more  of  the 
Liberty  engines  placed  in  a  large  machine  with  a  heavy 
load  will  either  decrease  the  power  of  the  engines  or  lower 
the  speed.  The  radius  could  easily  be  as  great  as  600 
miles,  that  is  300  miles  out  and  300  miles  back. 

A  number  of  problems  have  been  discussed  in  connec- 
tion with  the  ignition.  The  feeling  on  the  other  side  of 
the  water  is  that  with  the  increased  number  of  cylinders 
and  the  increased  number  of  engine  revolutions,  the 
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magneto  is  unquestionably  the  best.  But  we  must  have 
two  sparks  to  a  cylinder  and  we  must  have  those  sparks 
in  such  a  way  that  they  can  be  obtained  separately.  The 
whole  design  is  a  compromise,  and  weight  is  one  thing 
on  which  we  do  not  want  to  compromise  too  much.  I  be- 
lieve that  the  ignition  system  on  the  Liberty  engine  is 
at  least  as  good  as  anything  that  can  "be  designed  for  it 
at  present. 

We  will  manufacture  some  engines  with  battery  igni- 
tion. In  the  meantime  we  shall  try  out  any  system 
that  looks  at  all  good.  I  will  say  that  no  other  system 
that  has  been  offered  to  us  has  been  as  light,  combined 
with  equal  reliability,  as  the  one  now  in  use. 

The  four-valve  construction  was  tried  on  a  Mercedes 
engine  and  immediately  abandoned.  Four  valves  are 
much  harder  to  cool  than  two  and  should  not  be  used 
until  the  limit  is  reached  with  two  valves.  Until  a  lift  of 
one-quarter  inch  of  the  clear  diameter  is  used,  the 
valve  is  not  really  being  operated  efficiently.  It  would 
be  foolish  to  use  four  valves  in  an  engine  that  was  not 
more  than  4%-in.  bore  by  7%-in.  stroke. 

There  is  no  reason  why  the  Liberty  engine  cannot  be 
operated  satisfactorily  at  low  speed,  the  slowest  useful 
speed  for  aviation  being  1200  r.p.m.  It  has  no  unusual 
valve-timing.  The  exhaust  valve  opens  52  deg.  early  and 
the  inlet  closes  45  deg.  late. 

The  present  ignition  system  weighs  29  lb.,  this  in- 
cluding the  battery.  The  test  made  of  the  Liberty  engine 
on  Pike's  Peak  showed  that  power  was  gained  up  to  a 
compression  ratio  of  6  to  1,  but  that  the  same  engine 
when  brought  down  to  the  surface  of  the  earth  operated 
poorly. 

Fuel  is  fed  by  pressure  as  in  the  ordinary  method. 
Auxiliary  tanks  are  provided,  these  to  be  used  in  case 
of  emergency.  The  lubricating  system  is  of  the  pres- 
sure type.  A  double-deck  pump  is  used  with  three  gears 
in  the  top  deck,  thus  making  two  suction  pumps.  The 
oil  is  drawn  out  of  the  rear  crankcase  and  from  the 
front  into  a  separate  case.  We  have  followed  the  sys- 
tem used  by  the  Rolls-Royce  Co.,  and  well  known  on  the 
other  side,  of  employing  a  dry  sump  case,  pumping  all  the 
oil  into  a  little  tank  and  then  pumping  it  back  underneath. 
Originally  the  connecting-rods  were  lubricated  by  scup- 
pers on  the  crankshaft  which  caught  the  oil  that  was 
thrown  off.  That  method  was  extremely  economical,  but 
with  it  a  cold  engine  could  not  be  started  and  full  power 
secured. 

Between  1200  and  1800  r.p.m.  there  is  a  noticeffb>e  vi- 
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bration  in  the  operation  of  the  engine,  depending  to  a 
certain  extent  on  the  propeller  design.  The  block  angle 
of  45  deg.  has  seemed  to  offset  the  ordinary  calculated 
period  of  vibration. 

The  new  Liberty  engine  is  said  to  be  50  hp.  more 
powerful  than  the  Rolls-Royce  and  at  the  same  time  at 
least  150  lb.  lighter  in  weight.  The  valves  are  set  at 
angles  of  30  deg.  The  radiator  capacity  is  from  ten  to 
twelve  gallons. 

The  Liberty  engine  originally  weighed  786  lb.,  but 
some  15  lb.  have  been  added  by  slightly  increasing  the 
weight  of  three  or  four  parts,  thus  bringing  the  total 
up  to  about  800  lb.  It  has  deevloped  400  hp.  at  1625  r.p.m., 
and  of  course  more  power  can  be  secured  by  running  at 
higher  speed.  The  speed  is  limited,  however,  because 
we  cannot  get  an  efficient  propeller  speed  much  above 
1600  r.p.m. 

The  best  French  engines  give  between  200  and  250  hp. 
and  weigh  about  520  lb.,  these  being  of  the  geared  type. 

The  geared  engine  is  best  for  some  types  of  work  and 
the  direct-drive  for  other  types,  but  the  latter  engine  is 
the  more  reliable,  which  is  wanted,  of  course,  above 
everything  else.  The  manufacture  will  be  concentrated 
at  first  on  direct-driven  engines,  although  investigations 
will  be  continued  as  to  the  possibilities  of  the  geared  t3i>e. 

Two  compression  ratios  are  used  at  present  for  the 
Liberty  engine.  In  the  navy  engines  the  compression 
ratio  is  5  to  1  and  in  the  army  engines  5.4  to  1,  or 
something  under  18  per  cent.  The  low  compression  is 
best  for  navy  work,  which  consists  largely  of  flying  at 
altitudes  of  about  5000  ft.  or  less.  It  is  desired  to  fly 
with  a  wide-open  throttle  most  of  the  time,  so  that  the 
navy  engine  should  run  well  near  the  earth's  surface. 
On  the  other  hand  the  army  engine  is  used  for  altitudes 
of  around  10,000  ft.  or  more.  The  larger  ratio  is  nec- 
essary therefore  so  that  too  much  power  shall  not  be  lost 
in  the  air.  It  is  believed  that  with  the  steel  cylinder 
construction,  which  makes  for  satisfactory  cooling,  a  still 
higher  compression  can  be  used.  It  is  possible  to  run  the 
engine  up  to  as  high  as  6  to  1  compression  ratio. 

The  steel  cylinders  are  arranged  so  that  the  cooling 
water  can  be  brought  up  close  to  the  spark-plugs.  The 
compression  pressures  have  not  yet  been  carried  ex- 
tremely high  in  the  Liberty  engine  so  that  spark-plug 
trouble,  as  ordinarily  known  in  aviation  engines,  has  not 
been  experienced. 
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Use  of  Engines 

The  Liberty  engine  in  production  will  be  used  mostly 
for  fighting  work,  inasmuch  as  other  satisfactory  en- 
gines are  being  built  in  this  country  for  the  training 
work,  and  these  will  be  continued  in  production.  The 
only  training  planes  in  which  Liberty  engines  are  to  be 
used  will  be  a  few  fighting  machines  in  the  schools  for 
the  final  training  of  pilots. 

The  airplanes  in  use  at  the  front  are  seldom  worn  out. 
The  only  worn-out  ones  are  possibly  those  used  in  the 
training  camps.  When  those  at  the  front  go  out  of 
service  it  is  usually  due  to  an  accident  of  some  sort.  The 
average  life  of  a  combat  machine  is  about  two  months, 
and  that  of  the  observation  machines  used  in  the  Army 
something  like  three  months.  The  light  bombers  prob- 
ably have  a  much  longer  life. 

Good  facilities  are  now  available  in  Dayton  to  carry 
on  experimental  testing,  and  it  is  planned  to  conduct  a 
great  deal  of  research  work  in  the  air,  something  that 
it  has  been  almost  impossible  to  do  in  this  country  here- 
tofore. 

A  good  deal  of  time  has  been  wasted  in  designing  self- 
starters.  A  self-starter  is  not  desired  on  the  plane  for 
combat  work  because  the  weight  can  be  used  to  better 
advantage  in  the  form  of  bombs  or  some  other  useful 
things.  It  is  impossible  to  stop  the  .engine  after  leaving 
the  ground ;  hence  a  self-starter  is  unnecessary.  The  Navy 
machines  will  have  self-starters.  Whether  these  are  to 
be  air-starters  or  electric-starters  will  be  worked  out 
later.  There  is  no  advantage  in  having  self-starters  in 
the  ordinary  single-seater  or  double-seater  machines  be- 
cause there  are  always  plenty  of  men  on  the  ground  to 
start  them. 

H.  M.  Crane*  (M.  S.  A.  E.) : — It  was  necessary 
to  build  an  American  engine  not  because  we  wanted 
the  eagle  to  scream,  or  for  patriotic  reasons,  but 
for  considerations  based  on  practical  common  sense. 
If  we  had  imported  engines  and  copied  them  here, 
in  a  year  they  would  have  been  either  American 
engines  or  Americanized  engines.  The  only  way  we 
could  get  the  industry  of  the  country  at  work  was  to 
use  a  design  that  would  meet  factory  ideas  in  the  United 
States.  It  is  difficult  for  one  factory  engineer  to  design 
an  engine  to  be  built  in  another  factory  in  this  country, 
without  knowing  that  factory.  It  is  almost  impossible  for 
any  foreign  engineer  to  design  for  an  American  factory, 

^Chief  Bnglnter,  Wriirht-Martin  Aircraft  Corpori^tlon 
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If  we  had  used  an  American  factory  to  build  a  foreign 
engine,  the  time  for  getting  it  well  into  production  would 
have  been  as  long  as  if  the  engine  had  been  of  American 
design.  In  addition  to  this,  the  production  would  never 
have  been  half  what  we  can  expect  for  an  engine  designed 
in  this  country,  with  full  knowledge  of  American  factory 
practice  and  personnel  back  of  the  design. 

Early  last  summer,  when  I  read  the  newspaper  re- 
ports that  an  engine  had  been  designed  in  three  weeks 
that  would  lead  the  world  in  aviation,  I  was  much 
startled.  When  I  had  the  privilege  of  coming  closer  to 
what  had  been  done  I  found  that  the  newspaper  story 
was  only  the  final  printing  of  the  message.  What  had 
really  occurred  was  a  year  or  two  years  of  painstaking 
development  of  what  had  been  proved  good  on  the  other 
side,  thinking  always  in  terms  of  American  methods  of 
manufacturing.  The  result  was  that  in  a  short  time — 
so  short  that  it  seemed  almost  impossible — ^the  knowledge 
thus  acquired  was  transferred  to  drawings  and  from 
drawings  transferred  to  material  and  to  an  engine  in 
operation. 

For  nearly  two  years,  I  had  some  experience  with  a 
foreign  engine,  designed  I  consider  by  the  best  production 
engineer  abroad.  For  that  reason  it  has  been  immensely 
successful  on  the  other  side,  yet  for  this  country  its 
manufacture  resulted  in  difficulties  that  had  to  be  met 
by  adding  to  our  own  plant  facilities  that  we  should 
have  been  able  to  depend  upon  in  the  industry  at  large. 

For  a  small  output  we  could  add  these  special  fa- 
cilities, but  when  the  Government  found  it  necessary  to 
mobilize  the  industry  as  a  whole,  such  a  course  of  action 
would  have  been  impossible.  Instead  of  our  being  of  real 
help  sooner  than  most  of  our  Allies  expected,  the  war 
might  be  over  before  the  different  factories  would  learn 
how  to  do  things  in  the  new  way.  Another  difficulty  in 
manufacturing  an  engine  that  it  is  necessary  to  copy  is 
that  factories  do-not  know  the  history  of  the  unsuccessful 
experiments  which  have  resulted  in  the  finished  product 
available,  and  the  problem  is  made  much  harder.  An 
engine  may  have  been  developed  in  a  factory  in  which 
certain  machine  tools  were  available  and  may  even  have 
been  built  depending  upon  certain  foremen  who  knew 
how  to  do  their  work  extremely  well.  The  Mercedes  en- 
gine is  an  illustration  of  this.  A  number  of  attempts 
have  been  made  to  copy  it,  but  I  do  not  know  of  any 
copy  that  can  be  compared  with  the  original  in  efficiency 
or  usefulness.  The  manufacturers  who  have  finally  se- 
cured a  fine  product  as  a  result  of  copying  the  Mercedes 
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engine  have,  in  doing  so,  altered  their  processes  and  the 
design  materially.  That  is  undoubtedly  what  would  have 
happened  to  us  if  we  had  started  on  a  foreign  design, 
for  the  foreign  designs  most  successful  today  are  not 
inventions;  they  are  not  something  startlingly  different. 
We  must  thank  the  Germans  for  showing  us  that  an 
aviation  engine  can  be  of  the  simplest  form,  and  that 
the  simple  construction  and  form  are  the  best,  for  thus 
reliability  and  easy  production  are  secured. 

Our  knowledge  of  German  experience  was  a  help 
in  going  ahead  in  this  country.  The  Liberty  engine  is 
the  embodiment  of  the  idea  of  a  small  number  of  parts, 
simplicity  of  parts  and  compactness,  all  of  which  make 
for  light  weight  and  reliability. 

As  Major  Vincent  has  said,  the  cooperation'  that  has 
arisen  in  developing  the  Liberty  engine  is  a  matter  of 
tremendous  importance  in  the  fighting  of  the  war  and 
will  continue  to  be  afterward.  It  will  make  many  new 
friends  for  all  of  us,  and  furthermore  we  shall  know 
these  friends  in  a  way  that  we  have  never  known  them 
before.  I  believe  that  when  we  look  back  after  tw6 
years  all  of  us  will  feel  that  this  Liberty  engine  is  a  ral- 
lying point,  a  central  point  in  the  industry,  and  that  it 
will  go  a  long  way  toward  increasing  the  efficiency  of 
our  country  in  fighting  and  winning  the  war. 
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CHASSIS  DESIGN  OF  CLASS  B  MOTOR  TRUCKS 
•  By  Cornelius  T  Myebs* 

If  there  is  an  accomplishment  any  more  representative 
of  the  spirit  and  constant  endeavor  of  the  S.  A.  E.  than 
the  design  and  building  of  the  first  Class  B  military 
motor  truck  it  does  not  appear  on  our  horizon  at  this 
moment.  It  represents  one  culmination  of  the  ideals  for 
which  the  Society  has  labored  unceasingly,  and  that  it 
is  to  be  of  service  to  our  country  at  this  time  is  a  reward 
that  few  of  us  expected. 

In  connection  with  chassis  designing  I  will  give  the 
sequence  of  events  leading  up  to  the  starting  of  the  work, 
and  will  then  touch  upon  a  few  fundamentals,  following 
with  notes  as  to  details. 

On  June  27,  1917  (the  day  after  the  close  of  the 
Semi- Annual  Meeting  of  the  S.  A.  E.  in  Washington),  a 
large  number  of  engineers  representing  truck  builders 
and  component  parts  makers  met  in  Washington  to  dis- 
cuss with  representatives  of  the  Quartermaster  Gen- 
eral's office,  a  military  motor  truck  composed  of  standard- 
ized parts.  These  men  divided  up  into  groups,  represent- 
ing engines,  axles,  transmissions,  chassis,  etc.,  and  after 
some  discussion  it  was  decided  that  the  job  could  be 
done.  A  tentative  layout  for  the  Class  A  chassis  was  dis- 
cussed. A  layout  for  this  Class  A  truck  using  the  parts 
suggested  by  the  parts-  makers  group  was  prepared  and 
submitted  at  the  next  meeting,  which  was  held  July  9  and 
10  in  Columbus.  The  layout  was  discussed  and  a  few 
changes  recommended,  which  were  incorporated  and  sub- 
mitted July  20  and  21  for  the  second  Columbus  meeting. 

A  layout  of  the  Class  B  chassis  was  made  and 
quite  fully  discussed.  The  Quartermaster  General's  office 
then  took  over  the  work,  having  decided  that  a  truck 
standardized  in  all  its  parts  should  be  designed.  A  num- 
ber of  the  engineers  who  had  been  working  on  the  chassis 
and  parts  designs  were  asked  to  go  to  Washington  and 
complete  the  design  under  the  supervision  of  the  Quar- 
termaster General's  office.  On  July  80  these  engineers  re- 
ported in  Washington  ready  to  continue  the  work. 

On  August  27  the  Schedule  Committee  on  Design  was 
organized  and  the  work  divided  among  parts  groups,  set- 
ting September  10  as  the  day  on  which  the  design  should 

•Cohsultlnff  Engineer.  Detro't 
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be  completed.  Between  July  30  and  August  27  much  pre- 
liminary work  was  done  by  the  groups  of  parts  builders 
but  no  progress  could  be  made  with  the  chassis  design,  as 
there  were  differences  of  opinion  among  the  members  of 
almost  every  group  of  parts  designers. 

Sample  Trucks  Started 

The  parts  designs  were  finished  on  September  10  and 
within  a  few  days  the  chassis  designs  were  so  far  toward 
completion  that  arrangements  were  made  to  produce  two 
sample  trucks.  These  were  completed  in  an  unbelievably 
short  time,  and  their  satisfactory  performance  began 
when  the  paint  on  the  chassis  was  hardly  dry.  Driven 
from  Rochester,  N.  Y.,  and  Lima,  Ohio,  they  arrived  in 
Washington  on  October  14  and  were  presented  to  Gen. 
Ghauncey  B.  Baker  and  by  him  to  Secretary  of  War 
Newton  D.  Baker  on  October  19,  which  will  always  be 
held  a  red-letter  day  in  the  annals  of  the  Society. 

The  chassis  design  was  based  upon  the  Quartermaster 
GeneraFs  office  specifications  of  May,  1917,  which  were 
closely  followed.    The  principal  changes  were  these: 


May  Spec. 

Actual  Spec. 

Wheelbase  limit. 

156  in. 

1601/2  in. 

Weight  limit. 

8000  lb. 

88001b.(aprx.) 

Rear  tires,  diameter. 

36  in. 

40  in. 

Type  of  tires. 

demountable 

pressed-on 

Radiator  surface. 

Frontal, 

805  sq.  in. 

590  sq.  in. 

Total, 

32,220  sq.  in. 

35,000  sq.  in. 

Tractive  factor  (high) , 

0.0775 

0.063 

Tractive  factor  (low), 

0.338 

0.307 

Ignition  system, 

dual 

double 

Differential, 

locking 

free  acting 

Chassis  lubrication. 

grease  or  oil  cups  mag.  oil  feed 

Gasoline  tank. 

•     30-gal.  tank 

2  16-gal.  tanks 

6-gal.  reserve 
Sprags,  added 

Permanent  stops  for  springs  omitted 

The  following  were  the  guiding  factors  in  designing 
the  Glass  B  chassis ;  they  are  .set  down  in  the  order  in 
which  they  were  given  weight.  This  tabulation  was  not 
official  but  was  observed  by  the  author,  acting  as  chief 
draftsman  on  this  work,  and  it  was  generally  followed : 

(1)  Reliability. 

(2)  Accessibility. 

(3)  Weight. 

(4)  Simplicity  and  ease  of  manufacture. 

(5)  Operating  economy. 

(6)  First  cost. 
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The  item  of  efficiency  was  more  particularly  studied 
and  cared  for  by  the  parts  design  groups.  Wherever  the 
location  or  suspension  of  a  part  had  an  important  bear- 
ing on  efficiency  it  was  considered  as  having  greater  im- 
portance than  the  second  item. 


Description  of  Chassis  Units 

Possibly  as  good  a  way  as  any  to  describe  the  chassis 
design  is  to  take  up  the  units  which  enter  into  its  con- 
struction. 

The  frame  is  of  open-hearth  steel  pressed  into  shape. 
The  side  rails  are  channel  section  with  parallel  flanges 
which  are  tapered  at  the  front  to  reduce  weight  and  give 
greater  room  for  the  radiator.  There  is  a  heavy  pressed 
steel  cross-member  in  front  of  the  radiator,  one  between 
the  front  brackets  of  the  rear  springs,  and  one  at  the 
rear.  A  lighter  pressed  steel  cross-member  supports  the 
rear  of  the  gear-box,  while  forged  cross-members  sup- 
port the  front  of  the  gear-box  and  the  front  of  the  en- 
gine. The  frame  is  designed  to  be  as  flexible  as  possible 
without  in  any  way  being  flimsy  or  likely  to  buckle. 

The  pressed  steel  frame  allows  better  distribution  of 
metal  than  a  rolled  section,  its  uniform  thickness  is  of 
advantage  in  riveting — ^there  is  better  assurance  of  uni- 
formity of  metal,  and  the  rounded  portion  where  the 
flanges  meet  the  web  allows  large  fillets  for  brackets.  The 
frame  is  a  bit  narrower  than  usual,  34  inches  to  the  outside 
edges  of  the  side  rails,  in  order  to  allow  a  maximum  turn- 
ing angle  for  the  front  wheels  and  to  save  weight  in  cross- 
members  and  support  brackets. 

The  springs  are  designed  to  be  nearly  flat  under  rated 
load.  The  axles  are  fastened  to  the  middle  of  both  f r6nt 
and  rear  springs.  This  permits  the  assembling  of  the 
front  springs  without  fear  of  deranging  the  steering- 
gear  linkage,  as  might  happen  if  the  front  axle  were 
not  in  the  middle  of  the  springs  and  the  long  end  of  the 
spring  (on  a  repair  job),  were  put  where  the  short  end 
should  be.  The  spring  seats  are  also  reversible  and  the 
steering  pivots  are  given  a  castor  action  by  inclining  the 
whole  front  spring.  This  also  enabled  us  to  get  a  good 
location  for  the  ball  on  the  axle  steering  arm  and  to 
insure  a  minimum  of  stress  on  the  steering-gear  and 
connecting-rod  due  to  axle  motion. 

The  rear  springs  form  the  driving  connection  between 
the  rear  axle  and  the  frame,  a  la  Hotchkiss.    The  dis- 
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cussion  at  Cohimbus  previous  to  the  decision  to  adopt 
this  type  of  drive  was  illuminating,  and  after  all  was 
said  the  only  argument  against  it  was  its  tendency  to 
throw  the  rear-wheel  brakes  out  of  adjustment  if  the 
brake  connections  were  not  correctly  designed  or  when 
the  spring  under  load  had  a  considerable  amount  of  cam- 
ber. To  my  mind,  however,  with  Hotchkiss  drive,  one 
other  point — the  slip-joint  in  the  drive-shaft  at  the  for- 
ward universal  joint — should  be  given  careful  attention. 
Unless  the  slip-joint  is  carefully  made,  thoroughly  pro- 
tected from  dirt  and  properly  lubricated,  the  motion  there 
will  result  in  a  serious  end-thrust  on  the  universal-joint 
and  the  bearings  behind  it. 

By  placing  the  steering-gear  behind  the  rear  engine 
support-arm  a  long  straight  connecting-rod  was  secured. 
The  gear  is  held  by  a  capped  trunnion-bracket  and  can  be 
readily  removed  without  disturbing  the  engine  or  con- 
trols. One  of  the  bolts  in  the  gearcase  extends  through  a 
lug  on  the  bracket  and  thus  relieves  the  spindle  of  any 
bending  strains.  The  column  is  firmly  braced  to  the  dash. 
The  steering-gear  case  is  placed  so  that  the  clutch  can  be 
removed  without  disturbing  the  gearcase.  The  cap  for 
the  gearcase  carries  a  lug  that  supports  the  clutch  and 
brake  pedals,  and  makes  a  very  clean  bit  of  design  at  this 
point  where,  on  the  ayerage  truck,  there  is  an  entangle- 
ment of  brackets,  shafts  and  nuts,  impossible  to  adjust 
without  a  wrist  like  a  flamingo's  neck. 

The  tires  specified  were  36  by  5-in.  single  front  and 
dual  rear  or  36  by  10-in.  single  rear.  They  were  to  be  of 
the  demountable  type.  After  much  discussioll  the  change 
was  made  to  the  pressed-on  type,  saving  some  400  pounds 
in  weight  and  affirming  the  almost  unanimous  opinion  of 
the  engineers  on  the  job  and  the  tire  makers  that  it  was 
the  better  type.  The  evidence  from  across  the  water, 
also,  was  strongly  in  favor  of  the  pressed-on  type. 

The  36-in.  rear  tires  were  changed  to  40  in.,  which  gave 
2  inches  more  clearance  under  the  rear  axle,  better  adhe- 
sion, better  rolling  on  bad  ground,  lower  gasoline  con- 
sumption, more  tire  mileage,  and  an  11  per  cent  increase 
in  the  truck  speed  for  a  given  engine  speed. 

The  wheelbase,  named  as  124  in.  minimum  and  156  in. 
maximum  in  the  Quartermaster  General's  ofiice  specifi- 
cations, was  increased  to  160  V2  inches.  This  was  deemed 
advisable  in  order  to  keep  the  proportion  of  live  load 
on  the  rear  axle  below  90  per  cent,  and  at  the  same  time 
have  ample  seat-width  and  a  suflicient  space  between  the 
seat  and  the  steering  column. 
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Mounting  of  Units 

The  mounting  of  the  units  in  the  frame  was  carefully 
considered  from  the  following  standpoints: 

(1)  Frame  flexure. 

(2)  Accessibility. 

(3)  Independent  assembling  and  demounting. 

(4)  Simplicity. 

The  radiator  has  two  feet  which  rest  on  soft  pads  on 
each  frame  rail.  The  single  holding-down  bolt  in  each 
foot  passes  through  a  clearance  hole  in  the  rail  and  a  coil 
spring  between  the  foot  and  the  nut  allows  the  radiator 
to  take  its  easiest  position  when  the  frame  distorts.  A 
rod  from  the  flange  of  the  top  tank  of  the  radiator  to 
the  dash  holds  the  radiator  in  an  approximately  vertical 
position. 

The  engine  also  has  a  three-point  mounting.  The  two 
rear  lugs  on  the  flywheel  housing  rest  in  pressed  steel 
pocket  brackets  riveted  to  the  frame  rails.  A  vertical 
bolt  passes  through  each  lug  bracket  and  a  heavy  spiral 
spring  between  the  bottom  of  the  bracket  and  the  nut. 
The  bracket  is  so  formed  that  the  engine  lug  will  be  held 
in  place  even  if  the  bolt  is  lost.  It  is  lined,  so  as  not  to 
chafe  the  aluminum  lug.  The  third  "point"  of  the  engine 
support  is  a  cylindrical  surface  on  the  timing  gear  cover 
around  the  nose  of  the  crankshaft.  This  swivels  in  a 
forged  cross-member  which  is  bolted  to  brackets  on  the 
frame  rails.  This  construction  is  light,  substantial  and 
easy  to  dismount  when  necessary.  An  odd  feature  is  that 
the  hose  leading  from  the  bottom  of  the  radiator  to  the 
pump  on  the  engine  is  jointed  by  a  piece  which  is  fast- 
ened to  and  passes  through  this  cross-member. 

The  clutch  is  housed  in  with  ,the  flywheel  and  the  gear- 
shift is  mounted  on  the  clutch  housing.  The  hand-brake 
hand-lever  is  mounted  on  the  side  of  the  gearshift 
housing  and  is,  to  my  mind,  an  objectionable  feature, 
as  it  subjects  light  aluminum  castings  and  the  stud 
threads  in  them  to  the  heavy  pull  in  the  brake-rod.  This 
pull  can  be  severe  when  the  rear  springs  flex  violently, 
for  the  ratchet  on  the  hand-lever  is  non-yielding  and  there 
is  bound  to  be  some  relative  longitudinal  motion  between 
the  rear  axle  and  the  brake  rocker-shaft. 

The  gear-box  suspension  is  three-point.  At  the  rear  of 
the  box  two  forgings  bolted  to  it  carry  lugs  for  horizon- 
tal transverse  pins  which  are  carried  by  vertical  clevis 
bolts  in  a  pressed  steel  pross-member  of  the  frame.  The 
third  "point"  of  suspension  is  in  a  forging  around  the 
nose  on  the  front  of  the  gearcase.   This  forging  is  held 
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in  brackets  riveted  to  the  frame.  The  center-line  of  the 
main  shaft  in  the  gear-box  is  a  Uttle  lower  than  that  of 
the  engine.  This  gives  a  slight  angularity  to  the  front 
propeller-shaft  and  also  some  motion  to  the  universal- 
joint  trunnions;  it  thus  drops  the  gear-box  cover  below 
the  top  of  the  frame  and  gives  a  more  nearly  straight- 
line  drive  from  the  gear-box  to  the  rear  axle. 

The  design  of  the  dash  and  the  gasoline  system,  which 
was  considerable  of  a  problem,  was  solved  by  placing 
half  the  supply  of  gasoline  in  a  tank  on  the  dash  and 
the  rest  in  a  reserve  tank  under  the  seat.  When 
this  was  first  suggested  a  hand  air-pump  was  to  be  pro- 
vided, as  was  also  a  pipe  from  the  reserve  tank  to  the  top 
of  the  service  tank  so  that  the  reserve  supply  could  be 
readily  transferred.  At  present,  however,  the  transfer  is 
accomplished  by  means  of  a  bucket  or  can. 

Method  of  Chassis  Lubrication 

In  the  chassis  lubrication  of  both  Glass  A  and  Glass 
B  chassis,  as  originally  laid  out,  it  was  planned  to  use 
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Class  B  Truck 


Digitized  by  VjOOQIC 


112 


THE  SOCIETY  OF  AUTOMOTIVE  ENGINEERS 


oil  at  almost  every  point — grease  to  be  used  only  in 
the  vrheel  hubs  and  in  the  universal-joints.  This  plan 
was  not  carried  out  on  the  Class  B  chassis  at  some  points. 
All  the  spring  bolts,  shackle-pins  and  brake  rocker-shafts 
are  oil-lubricated  by  the  ''magazine  system."  Wicks  con- 
vey oil  by  capillary  attraction  from  pockets  of  considerable 
size  in  the  bracket  castings  to  the  bearing  surfaces.  The 
pockets  need  to  be  filled  but  infrequently.  Dirt  cannot  feed 
to  the  bearing  surfaces  even  if  the  oil  is  dirty.  The  oil 
feeds  only  when  the  truck  is  in  motion.  Seepage  from  the 
spring  bolts  follows  down  the  leaves  of  the  springs  and 
keeps  them  from  rusting.  The  front  axle  steering-pins 
are  lubricated  in  a  similar  manner  and  the  steering  con- 
nections are  designed  for  small  wick  oilers.  Grease  cups 
have  been  put  on  the  connecting-rod  to  lubricate  the 
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Fig.  2 — Performance  Charactbristzcs  on  High  and  Low  Gear  of 
Ct.ass  B  Truck 
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steering  balls,  on  the  starting  crank,  on  the  brake  spindle 
of  the  rear  axle  and  at  other  points. 

Paragraph  30  of  the  Quartermaster  General's  office 
specifications  lays  particular  stress  on  the  ''tractive  fac- 
tor" of  the  truck  as  a  measure  of  its  ability  to  negoti- 
ate heavy  grades  and  bad  roads.  The  formula  for 
"tractive  factor"  is  as  follows : 

n=number  of  cylinders  in  engine. 

6=cylinder  bore»  inches. 

«==  stroke  of  cylinder,  inches. 

R=ge8LT  reduction  between  engine  and  driving  wheels. 

Z)= diameter  of  driving  wheels,  inches. 

W^=total  weight  moved,  pounds. 

^m=efficiency  of  engine  compared  with  A.  L.  A.  M. 
(now  N.  A.  C.  C.)  rating  as  unity. 

^t=efficiency  of  transmission  system  from  engine  to 
road. 

Since  8.4  nV  s  Em  represents  engine  torque  in  pound- 
inches  the  formula  can  be  written 

^torque  XRX^t 
1/2  D  W 

Figs.  1  and  2  represent  a  study  of  the  specifications 
for  the  Class  B  motor  truck  on  the  assumption  of  its 
coming  within  the  weight  limit  of  8000  lb.  for  the 
chassis.  It  was  predicted  that  the  4%  by  6-in.  four-cylin- 
der engine  would  develop  not  less  than  2700  Ib-in.  average 
torque  between  600  and  1000  r.p.m.  The  worm-gear  re- 
duction is  9.5;  one-half  the  wheel  diameter  given  in  the 
specifications  is  18  in.;  the  transmission  efficiency  given 
in  the  specifications  is  85  per  cent;  the  total  weight 
moved  was  estimated  at  about  16,500  lb.  From  these  fig- 
ures (on  high  gear) 

^2700X9.5X0.85^^^^3^ 
18  X  16,500 

The  low  gear  reduction  in  the  gear-box  itself  is  5.93 
and  the  specifications  call  for  a  transmission  efficiency 
of  70  per  cent,  whence  (for  low  gear) 

T  F,=2700  X  5.93  X  9»5  X  0.70  _ 
18  X  16,500 


**See  articles  by  the  author,  S.  A.  S.  Transactions  1913,  Fart  I; 
1914.  Part  II;  1916,  Part  U 
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Deducting  a  road  coefficient  of  0.0176  as  the  rolling 
resistance  over  hard  roads,  these  figures  indicate  that 
the  loaded  truck  should  take  a  5^^  per  cent  grade  on  high 
gear  and  a  34  per  cent  on  low  gear. 

Calculation  of  Tractive  Factors 

Diagram  A  in  Fig.  1  shows  the  "tractive  factor"  in 
high  gear  plotted  against  a  variable  engine  torque  and 
also  against  different  axle  reductions.  It  shows  that  to 
get  the  "tractive  factor"  called  for  in  the  specifications 
(0.0775)  with  the  reduction  of  9.5  adopted,  the  engine 
would  have  to  deliver  a  torque  of  2852  Ib-in.  On  test  the 
first  engines  developed  in  the  neighborhood  of  3000  lb- 
in.  torque.  It  is  safe,  therefore,  to  count  on  2700  Ib-in.  as 
a  production  standard.  The  dotted  line  shows  the  T  Fh 
available  at  2852  Ib-in.,  using  different  gear  reductions. 

Diagram  B  shows  T  Fh  plotted  against  total  weight 
(W)  at  different  axle  reductions  (J?)  and  indicates  that 
to  get  a  r  Fh  of  0.0775  the  total  weight  cannot  exceed 
15,650  lb.,  which  would  call  for  a  chassis  weight  of  7150 
lb.  Diagrams  C  and  D,  Fig.  2,  show  similar  data  for  the 
"tractive  factor"  on  low  gear. 

Modifying  these  results  to  suit  the  40-in.  driving  tires 
and  the  17,800  lb.  weight  we  get  for  the  truck  as  com- 
pleted 

r  Fa  =  0.063 
T  Fi  =  0.307 

These  diagrams  show  the  vast  importance  of  minimum 
weight  as  regards  truck  performance.  This  is  empha- 
sized for  the  reason  that  the  main  criticism  of  the  truck 
as  a  whole  could  be  made  on  the  basis  of  its  weight.  The 
primary  reason  for  this  weight  lies  in  the  tractive  fac- 
tors specified  by  the  Quartermaster  General's  office  and 
in  the  gear-box  reduction  of  5.93.  The  secondary  reason 
is  that  the  parts  design  groups  were  strongly  impressed 
with  the  arduous  service  that  the  truck  would  be  called 
upon  to  perform,  and  each  group  "played  safe"  in  the 
matter  of  the  size. of  parts  it  recommended. 

As  a  commercial  possibility  the  Class  B  chassis  may 
be  questioned  on  the  score  of  weight,  speed,  load  rating 
and  gasoline  economy.  Slight  modifications,  however, 
should  make  it  the  best  5-ton  chassis  that  rolls.  There 
are  some  details  that  are  not  yet  fully  developed  for  the 
service  for  which  this  chassis  is  intended,  but  these  will 
undoubtedly  be  cared  for  and  perfected.  There  is  so 
much  good  design  in  the  component  parts  and  in  the 
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chassis  itself  that  in  many  ways  it  will  be  a  criterion  for 
some  time  to  come.  An  English  officer,  after  having 
examined  the  sample  trucks  and  questioned  some  of  our 
engineers  regarding  them,  summed  up  the  matter  well 
when  standing  back  and  viewinjg^.one  of  them  critically, 
he  exclaimed,  'Well,  she  looks  a  job,  she  looks  a  job." 


DESIGN  OF  CLASS  B  TRUCK  ENGINE 

By  A  F  MiLBRATH* 

In  the  early  stages  of  the  military-truck  design,  it  wa^ 
the  idea  to  limit  the  interchangeability  of  parts  to  the 
complete  units,  such  as  engines,  axles  and  transmissions. 
Several  meetings  of  parts  makers  were  held,  with  a  view 
to  determining  the  degree  to  which  their  regular  products 
could  be  standardized,  so  as  to  make  them  interchangeable 
in  the  chassis. 

In  the  case  of  the  engines,  it  was  found  that  a  standard 
set  of  installing  dimensions  could  be  determined,  which 
necessitated  only  slight  changes  for  the  various  manu- 
facturers. This  would  have  made  it  possible  to  replace 
a  damaged  unit  with  one  of  another  make,  in  case  none 
of  the  original  type  was  available. 

However,  the  farther  this  work  progressed  the  more 
important  it  was  considered  by  the  War  Department  to 
have  interchangeable  not  only  complete  units  but  the 
component  parts  of  the  units  as  well.  It  is  obvious 
that  this  plan  will  greatly  reduce  the  number  of  parts 
necessary  for  maintenance  of  the  trucks  at  the  front. 
When  this  decision  had  been  made,  engineers  from  the 
various  parts  manufacturers  were  called  to  Washington 
to  work  up  suitable  designs  to  meet  the  requirements  of 
the  Government. 

Torque  and  Piston  Displacement 

The  division  in  charge  of  the  engine  design  was  re- 
quired to  develop  an  engine  with  a  torque  output  of  at 
least  2800  Ib.-in.,  which  was  needed  to  give  the  tractive 
factor  predetermined  for  these  trucks.  An  average  of 
the  performance  of  various  engines  built  in  the  past 
showed  a  torque  of  about  6%  Ib-in.  per  cu.  in.  of 
piston  displacement.  Using  this  figure  as  a  basis,  the 
piston  displacement  of  the  Class  B  engine  was  determined 

^Engineer,  Wisconsin  Motor  Manufacturing  Company 
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as  about  415  cubic  inches.  Possibly  the  most  important 
consideration  in  the  designing  was  that  of  keeping  the 
wearing  parts  of  thesfe  engines  very  large  so  that  ad- 
justments and  replacements  of  parts  would  be  required 
but  seldom.  ^  , 

Stroke  and  Bore 

It  was  considered  desirable  to  keep  the  stroke-bore 
ratio  as  high  as  possible,  without  obtaining  too  great 
a  total  weight  of  engine  or  too  great  a  height  overall. 
The  length  of  stroke  was  therefore  the  determining  fac- 
tor in  fixing  the  stroke-bore  ratio.  A  6-in.  stroke  was 
finally  adopted.  This  with  a  bore  of  4%  in.  gives  a  piston 
displacement  of  425  cubic  inches. 

Engine  Speed  and  Valve  Diameter 

The  normal  speed  of  these  engines  was  set  at  1050 
r.p.m.,  which  with  the  6-in.  stroke  gives  a  piston  speed 
of  1050  ft.  per  min.  The  speed  of  maximum  horsepower 
was  also  predetermined  at  about  1500  r.p.m.  From  past 
practice  it  was  shown  that  the  maximum  horsepower  of 
an  engine  is  developed  at  a  speed  at  which  the  theo- 
retical gas  velocity  through  the  valves  is  about  14,000 
ft.  per  min.  Assuming  an  engine  speed  of  1500  r.p.m., 
the  valve  area  should  therefore  be: 

«        1500 

(4%)"  —  X or  1.9  sq.  in. 

4         14000 

This  requires  a  valve  2V&-in.  diameter  in  the  clear,  2%- 
in.  outside  diameter,  45-deg.  seat,  with  a  lift  of  i%2  ^^• 
At  the  normal  engine  speed  this  will  give  a  gas  velocity 
of  160  ft.  per  sec.  through  the  valve. 

Compression  Ratio 

With  the  heavier  grades  of  gasoline  now  in  use  the 
compression  must  be  carried  somewhat  lower  than  was 
possible  a  few  years  ago;  otherwise  serious  pounding  will 
result  in  the  cylinders.  The  displacement  per  cylinder 
also  has  some  effect  on  the  compression,  since  a  larger 
cylinder  has  a  smaller  wall  surface  cooling  effect  per 
cubic  inch  of  charge  than  a  smaller  engine.  The  past 
experience  of  the  designers  was  again  called  upon,  and 


*  Digitized  by  VjOOQIC 


DESIGN  OF  CLASS  B  TRUCK  ENGINE  117 

from  this  a  clearance  volume  of  24V&  to  25  per  cent  of 
total  volume  was  determined  upon.  This  clearance  will 
give  a  compression  of  about  65  lb.  gAge  at  slow  cranking 
speeds. 

Connecting-Rod  and  Piston 

The  connecting-rod  of  the  military  engines  as  com- 
pared with  regular  practice  might  be  considered  of  the 
long  type,  its  length  being  13^  in.,  or  2.21  times  that 
of  the  stroke.  The  standard  practice  varies  from  about 
2  to  2.2  times  the  stroke.  Both  upper  and  lower  bear- 
ings are  laid  out  central  with  the  rod.  The  rod  is  of  the 
I-beam  section  and  the  upper  end  is  bronze-bushed  for 
the  piston-pin,  while  the  lower  end  is  of  the  four-bolt 
type. 

The  piston  is  6V&  in.  long,  with  three  ^-in.  rings  of 
the  conventional  type,  with  46-deg.  saw-cut.  The  piston- 
pin  is  1%  in.  diameter  and\is  placed  2%  in.  from  the 
lower  end  of  the  piston.  A  single  lock-screw  holds  the 
piston-pin  in  place.  This  passes  through  both  sides  of 
the  piston-pin  and  piston  boss,  the  lower  end  of  the  screw 
being  thrc^ed  into  the  piston  boss,  while  the  reduced 
body  size  of  the  screw  fits  into  the  upper  wall  of  the 
piston-pin  and  boss.  The  bushing  in  the  upper  end  of  the 
connecting-rod  is  2^  in.  long,  giving  an  area  of  2.92  8%. 
in.  At  low  engine  speeds,  when  subjected  to  gas  pres- 
sures only,  this  bearing  sustains  a  pressure  of  1700  lb. 
per  sq.  in.  maximum. 

At  1500  r.p.m.  the  greatest  pressure  due  to  inertia  and 
gas  forces  is  1200  lb.  per  square  inch. 


Crankshaft  Design 

As  the  crankshaft  is  the  backbone  of  an  engine,  con- 
siderable thought  was  given  to  this  important  part.  It  is 
of  the  conventional  three-bearing  type.  While  the  gov- 
erned speed  of  the  engine  was  to  be  1050  r.p.m.,  it  was 
desired  to  keep  the  stresses  and  bearing  pressures  low 
even  at  1500  r.p.m.  All  calculations  were  therefore  made 
at  this  higher  speed.  The  stresses  considered  were 
t^hree:  Those  due  to  gas  pressure,  to  inertia,  and  to  cen- 
trffugal  forces.  Fig.  1  shows  these  stresses  for  one  posi- 
tion of  crankshaft  on  the  power  stroke.  These  forces  as 
affecting  the  crankpins  are  given  in  Fig.  2.  The  normal 
gas  pressure  at  beginning  of  power  stroke  is  assumed  to 
be  280  lb.  gage,  and  the  expansion  curve  to  follow  the 
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equation  p  v*  *  =  constant.  In  the  calculation  of  inertia 
forces  the  reciprocating  weight  was  taken  at  10  lb.,  in- 
cluding the  piston,  which  weighs  6%  lb.,  and  the  upper 
end  of  rod,  with  wristpin,  weighing  3%  lb.  The  cen- 
trifugal force  is  set  up  by  the  lower  end  of  the  rod  with 
bearing,  weighing  5^/^  lb. 

,In  the  diagram 'the  forces  acting  during  the  suction 
stroke  are  represented  by  dotted  lines,  those  acting  dur- 
ing the  compression  stroke  by  dash  lines,  during  the 
power  stroke  by  solid  lines,  and  during  the  exhaust  by 
dot-and-dash  lines.  In  laying  out  these  forces  it  was 
assumed  that  the  gas  pressure  during  suction  and  ex- 
haust stroke  was  equal  to  that  of  the  atmosphere.  The 
lines  representing  forces  during  the  lower  end  of  the 
exhaust  stroke  are  not  shown,  as  they  practically  coin- 
cide with  the  lines  representing  the  compression  forces. 
It  will  be  noted  that  the  greatest  pressure  exists  at  the 


Fjg.  1 — Stress  on  Onb  Position  op  Crankshaft  on  Power  Strokx 
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end  of  the  exhaust  or  beginning  of  the  suction  strokes; 
also  that  with  the  exception  of  the  first  part  of  the  ex- 
pansion stroke  all  pressures  are  outward  from  the  center 
of  the  crankshaft.  '^^ 

The  crankpins  of  the  Class  B  engine  are  2%-in.  diam- 
eter and  3  in.  long.  Deducting  for  fillets  at  each  end,  this 
gives  a  projected  area  of  6.63  sq.  in.  The  maximum 
pressure  on  the  pins  is  520  lb.  per  sq.  in.,  the  minimum 
160  lb.,  and  the  mean  330  lb.  At  1050  r.p.m.  the  cen- 
trifugal and  inertia  forces  are:  (1050/1500)',  or  49  per 
cent  of  the  forces  at  1500  r.p.m.  At  this  speed  the  forces 
due  to  gas  pressure  on  the  expansion  stroke  predominate. 
The  maximum  crankpin  load  is  then  512  lb.  per  sq.  in., 
while  the  minimum  and  mean  are  somewhat  less  than 
one-half  the  loads  at  1500  r.p.m. 

In  the  calculation  of  main  bearing  pressures  there 
must  be  added  to  the  above  forces  the  centrifugal  com- 
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-Resultant  op  Forces  AcrriNa  on  Crankpin 


ponent  of  the  short  crank-arm  and  a  crankpin.  Fig.  3 
gives  the  resultant  of  the  forces  acting  on  the  main 
bearings.    These  forces  are  due  to  gas  pressure,  inertia 
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and  centrifugal  forces  from  one  cylinder,  one  set  of  re- 
ciprocating parts,  one  crankpin  and  short  crank-arm. 

Bearing  Pressures 

In  order  to  decrease  the  number  of  spare  parts,  only 
two  sizes  of  bearings  are  used  on  the  crankshaft.  The 
connecting-rod  and  front  main  bearings  are  interchange- 
able, likewise  the  center  and  iiear  main  bearings,  which 
are  2^  in.  diameter  and  4  in.  long;  allowing  for  fillets, 
this  gives  a  projected  area  of  9.875  sq.  in.  The  pres- 
sures on  the  front  main  bearing  (in  pounds  per  square 
inch)  are  727  lb.  maximum,  32  lb.  minimum  and  509 
lb.  mean.  The  center  bearing  takes  the  load  from  two 
cranks  at  the  same  time.  When  No.  2  cylinder  is  on  the 
suction  stroke,  No.  3  is  on  the  power  stroke;  when  No.  2 
is  on  compression.  No.  3  is  exhausting,  and  vice  versa. 
The  forces  from  the  two  must  therefore  be  combined  to 
obtain  the  pressure  on  the  center  bearing.  The  result 
(in  pounds  per  square  inch)  is  a  pressure  of  908  lb. 
maximum,  485  lb.  minimum  and  696  lb.  mean. 

The  rear  bearing  carries  about  the  same  load  as  the 
front,  plus  the  weight  of  the  flywheel.  The  flywheel  load 
is  almost  negligible,  however,  as  it  amounts  to  less  than 
15  lb.  per  sq.  in.  The  maximum  pressure  on  the  rear 
main  bearing  is  492  lb.  per  sq.  in.,  the  minimum  38  lb. 
and  the  mean  855  lb.  At  1050  r.p.m.  the  main  bearing 
pressures  are  also  considerably  less  than  at  1500  r.p.m. 

As  might  be  expected,  owing  to  the  liberal  dimensions 
of  crankpins  and  main  bearings,  the  flber  stresses  in  the 
shaft  are  low.  The  crank-arms  are  of  heavy  design  also, 
in  proportion  to  the  pins,  so  that  the  maximum  stresses, 
due  to  combined  torsion  and  bending,  are  less  than  10,000 
lb.  per  sq.  in. 

Cylinder  Construction 

The  cylinders  are  cast  in  pairs,  of  the  L-head  type, 
with  valves  on  the  right-hand  side.  The  heads  are  remov- 
able and  held  in  place  by  13%-in.  studs.  The  valve-stems 
are  inclosed  by  pressed-steel  cover-plates.  The  water- 
jackets  are  of  very  liberal  thickness,  tapering  from  %  in. 
below  to  IVl  in.  above.  The  spark-plugs  are  screwed  di- 
rectly into  the  cylinder-heads  and  are  entirely  surrounded 
by  water.  Cooling  water  enters  the  jackets  at  the  lowest 
point  and  leaves  the  heads  at  the  highest  point.  Thus  no 
drain  cocks  are  necessary,  the  entire  cooling  system 
draining  from  one  i)oint. 
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Crankcase  and  Flywheel 

The  crankcase  is  cast  of  aluminum  and  is  very  deep 
and  well  ribbed.  The  parting  line  between  upper  and 
lower  half  is  3  in.  below  the  center-line  of  the  crank- 
shaft. 

The  flywheel  is  inclosed  in  a  No.  3  S.  A.  E.  bell  hous- 
ing. Three-point  suspension  is  employed,  two  arms  cast 
onto  the  bell  housing  and  a  trunnion  bearing  on  the  front 
gear-cover.  Shouldered  studs  with  castle  nuts  are  used 
for  attaching  the  cylinders.  Provision  is  made  for  the 
mounting  of  electric  starters,  and  generators  are  mounted 
as  regular  equipment.  The  front  gear-cover  is  of  cast 
iron  and  is  well  ribbed  on  account  of  its  acting  as  for- 
ward support.  The  lower  half  of  the  crankcase  forms  the 
oil-pan,  and  it  entirely  incloses  the  oil-pump. 
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Camshaft  and  Gears 

The  camshaft  is  drop  forged  with  integral  cams  and 
flange  for  mounting  the  driving  gear.  The  cams  are 
1%-in.  dianxeter,  with  ^y^2''^^'  l^^*-  The  timing  is  as 
follows:  Inlet  opens  15  deg.  past  top  center  and  closes 
35  deg.  past  lower  center;  exhaust  opens  45  deg.  before 
lower  center  and  closes  5  deg.  past  top  center.  The  cam- 
shaft bearings  are  a  trifle  larger  than  the  cams,  so  that 
the  shaft  can  be  easily  withdrawn. 

The  timing  gears  are  1%-in.  wide,  with  9-pitch  teeth 
cut  on  an  angle  of  27  ^A  deg.  The  drive  is  from  the 
crankshaft  gear  through  an  idler  to  the  camshaft  and 
water-pump  gears,  and  from  the  camshaft  to  the. genera- 
tor-drive gear. 

The  valve  tappets  are  hollow,  1%-in.  diameter,  of  the 
roller  type.  They  carry  adjusting  screws  1-in.  diameter, 
also  bored  hollow. 

Oiling  System 

The  oiling  system  is  of  the  force-feed  type,  embody- 
ing a  gear-type  circulating-pump.  No  oil  pipes  are  used, 
the  oil  being  forced  through  a  passage  drilled  in  the  pump 
body  to  a  header  extending  the  full  length  of  the  crank- 
case,  then  through  drilled  passages  to  the  main  bearings. 
Grooves  are  provided  in  the  main  bearings,  which  are  in 
constant  communication  with  the  oil-holes  drilled  through 
the  crankshaft  to  the  connecting-rods.  Oil  tubes  on  the 
connecting-rods  lead  oil  to  the  piston-pins.  A  irelief  valve 
set  for  10-lb.  pressure  is  fitted  to  the  front  end  of  the 
main  oil  header,  and  the  overflow  from  this  valve  lubri- 
cates the  gears. 

The  oil-pan  or  lower  half  of  the  craakcase  is  so  formed 
that  the  oil  will  drain  toward  the  center  of  the  sump, 
even  though  the  engine  is  inclined,  as  in  climbing  or  de- 
scending a  hill. 

The  oil  drains  from  the  crank  chamber  through  a  spout 
into  a  settling  chamber,  where  any  water  or  mud  settles, 
and  can  be  drained  off  from  time  to  time.  As  the  oil 
rises  in  the  settling  chamber  it  Anally  overflows  the  top 
into  a  large  strainer,  which  completely  surrounds  the 
settling  chamber.  Through  this  strainer  the  oil  flows 
by  gravity  into  the  sump  proper. 

The  oil-pump  is  supported  from  the  upper  crankcase 
and  extends  down  into  the  sump.  Another  strainer  sur- 
rounds the  oil-pump ;  hence  the  oil  is  thoroughly  cleaned. 
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No  parts  whatever  outside  of  the  settling  chamber  and 
large  strainer  are  attached  to  the  lower  half  of  the  crank- 
case»  so  this  can  be  dropped  by  taking  out  the  bolts,  with- 
out interfering  with  anything  else.  No  oil  float  of  any 
kind  is  used,  but  a  graduated  test  rod  is  fitted,  which  can 
be  withdrawn  to  ascertain  the  amount  of  oil -in  the  en-, 
gine. 

Methods  of  Ignition 

Two  entirely  independent  systems  of  ignition  are  in** 
corporated ;  a  high-tension  magneto,  which  is  driven  from 
the  rear  end  of  the  water-pump  shaft,  and  a  combined 
timer  and  distributor  with  coil  mounted  at  the  forward 
end  of  the  engine,  on  the  left-hand  side,  and  driven 
through  helical  gears  fro>m  the  water-pump  drive-shaft. 
Two  sets  of  spark-plugs  are  fitted  into  the  heads  of  the 
cylinders,  and  the  engine  can  be  run  on  either  one  or  both 
of  the  systems. 

Inlet  and  Exhaust  Manifolds 

The  inlet  and  exhaust  manifolds  are  on  the  right-hand 
side  of  the  engine.  A  heating  chamber  is  cast  integral 
with  the  inlet  manifold  near  the  center  and  where  the 
vertical  branch  from  the  carbureter  joins  the  horizontal 
section.  This  heating  chamber  bolts  directly  to  the  ex- 
haust manifold  at  a  point  where  an  opening  is  cast  in 
the  latter,  so  that  the  hot  gases  can  circulate  around  the 
inlet  manifold.  This  forms  a  hot  spot  about  4  or  5  in. 
long,  which  helps  to  vaporize  the  fuel  and  permits  the 
use  of  low  grades  of  gasoline. 

Fan  for  Cooling  System 

A  22-in.  fan,  especially  designed  for  these  engines 
after  a  long  series  of  tests,  is  mounted  on  a  rigid  bracket, 
bolted  to  the  crankcase.  The  fan  is  provided  with  a 
vertical  adjustment  for  taking  up  the  slack  in  the  belt. 
This,  however,  will  seldom  be  necessary,  as  a  2-in.  belt 
and  large  pulleys  are  fitted,  which  will  drive  the  fan  when 
set  up  with  only  a  slight  tension. 

Engine  Governor 

An  entirely  inclosed  governor,  driven  from  the  forward 
end  of  the  generator  shaft,  is  built  into  the  engine.  The 
centrifugal  members  of  this  governor  consist  of  four 
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1-in.  steel  balls,  held  in  place  by  a  spider.  The  governor 
revolves  at  about  one  and  one-half  times  engine  speed. 
The  thrust  from  the  balls  is  34  lb. 

On  their  outward  movement,  these  balls  travel  against 
the  face  of  a  46-deg:  disk,  which  also  gives  the  balls  a 
longitudinal  movement  against  a  collar  free  to  slide  on 
the  governor  shaft.'  The  collar  has  a  movement  of  8/16- 
in.,  which  is  transmitted  through  a  vertical  lever,  mul- 
tiplying the  movement  threefold.  A  link  with  ball  joints 
connects  the  upper  end  of  the  lever  with  a  throttle  spin- 
dle in  the  inlet  manifold.  A  spring  is  fitted  to  the  ver- 
tical lever,  and  an  adjustment  with  a  seal  is  provided. 
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Fig.  4 — Performanod  Curves  for  Class  B  Truck  Enqinb 
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Performance  Curves 

Fig.  4  gives  the  performance  curves  of  one  of  the  first 
engines  built.  The  maximum  torque  is  developed  at  800 
r.p.m.,  and  is  equal  to  258  Ib-ft.,  or  3096  Ib-in. 

With  a  piston  displacement  of  425  cu.  in.  this  gives 
a  torque  of  3096/425,  or  7.27  Ib-in.  per  cu.  in.  piston  dis- 
placement. Fuel  consumption  is  given  for  quarter,  half 
and  full  load.  At  1550  r.p.m.  the  maximum  horsepower 
would  be  developed. 


DESIGN  OF  MILITARY  TRUCK  AXLES 

By  G  W  Carlson* 

When  the  Government  first  summoned  engineers  to 
Washington  to  design  a  U.  S.  army  truck,  the  axle  en- 
gineers were  divided  into  three  groups,  representing 
worm,  internal  gear  and  double  reduction  types  of  final 
drive.  The  program  was  to  design  and  buOd  two  or  more 
of  each  type.  These  were  then  to  be  tested,  and  the  selec- 
tion was  to  be  based  upon  all-around  performance  as 
shown  by  the  tests. 


Front  Axle  Dbsionbd  for  Class  A  Militabt  Motor  Truck 

The  limited  time  however  upset  this  procedure,  and  it 
became  necessary  to  make  a  quick  decision,  at  least  in 
the  case  of  the  Class  B  design.  It  is  not  my  purpose  to 
discuss  the  purpose  the  War  Department  had  in  view  in 
its  selection  of  worm  tjrpe  gearing  for  the  Class  B  axle. 
Suffice  it  to  say  that  the  wide  use  of  this  type  as  well  as 


^BSnglneer.  Timken-Detroit  Axle  Company 
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production  conditions  were  large  factors.  Its  perform- 
ance and  absolute  reliability  through  critical  periods 
eliminated  all  inclination  on  the  part  of  the  engineers 
to  introduce  features  of  an  experimental  nature  in  the 
truck.  The  governing  keynote  is  sturdiness,  simplicity 
of  construction  and  simplification  of  the  field  service 
problem. 

An  instance  of  the  last  is  manifested  in  the  Class  B 
axles  particularly,  in  which  only  three  bearing  sizes 
are  used  in  the  front  and  rear — the  front  inner  bearing 
interchanging  with  the  worm  bearings — the  rear  wheel 
bearings  being  alike  and  interchanging  with  the  differ- 
ential bearings,  and  the  front  wheel  outer  bearing  being 
the  only  odd  size.  The  front  carries  only  one  size  of 
screw,  a  total  of  forty-four  being  used.  Such  is  also 
the  case  in  the  rear,  where  the  only  right  and  left-hand 
parts  are  the  wheel-spindle  nuts  and  the  brake  anchors. 
The  brake  levers,  brake  shafts,  shaft  brackets  and  toggles 
are  all  interchangeable. 


Class  A  Samplb  Military  Truck 

Construction  op  Front  Axles 

The  Class  A  and  B  front  axles  are,  except  for  propor- 
tionate dimensions,  the  same.  The  hub  closure  is  de- 
signed with  the  object  of  presenting  the  smallest  diam- 
eter for  the  felt  rubbing  face.  A  flange  on  the  felt  re- 
tainer rotating  within  a  groove  in  the  knuckle  prevents 
the  dirt  from  reaching  the  felt,  and  an  additional  groove 
immediately  outside  the  felt  is  intended  to  keep  any 
water  from  reaching  it,  except  possibly  at  the  bottom. 
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Particular  attention  has  been  paid  to  the  lubrication 
of  the  knuckle-pin.  This  is  made  of  carbon  steel,  hard- 
ened and  ground,  and  the  bushings  are  of  similar  material 
and  pressed  into  the  ends  of  the  center  forging,  this 
construction  providing  a  wide  bearing  spread.  The  hol- 
low pin  contains  an  oil  wick^  the  ample  dimensions  ef 
which  allow  for  a  generous  supply  of  oil. 

Since  the  ordinary  grease  commonly  used  for  lubricat- 
ing this  particular  place  leaves  much  to  be  desired,  it 
was  argued  that  even  at  the  expense  of  considerable  leak- 
age oil  would  be  preferable.  The  experience  with  the 
samples  is  ample  testimony  of  the  soundness  of  this  rea- 
soning. 


Class  A  Sample  Military  Truck 

The  thrust  washers  are  grooved,  the  oil  entering 
through  recesses  next  to  the  pin.  The  dust  device  con- 
sists of  a  brass  ring  floating  in  opposite  circular  grooves 
in  the  washers.  The  bottom  of  the  knuckle  is  closed  by 
means  of  a  similar  expanding  ring.  These  rings  are 
intended  more  to  keep  out  the  dirt  than  to  keep  in  the  oil. 

The  cross  tube  end-pins  are  fastened  to  the  arms  in 
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order  to  allow  for  the  maximum  bearing  surface  with  min- 
imum weight.  A  draw  key  is  used  for  this  purpose.  The 
bushings  are  pressed  into  the  end  forging.  The  lubrica- 
tion is  by  oil  No  attempt  is  made  to  hold  the  oil,  a 
self -feeding  oiler  being  used. 

The  regular  Elliott  type  was  chosen  because  of  the 
opportunity  it  presented  of  bringing  the  pivot  centers 
close  to  gage  line,  and  because  it  was  a  simpler  manu- 
facturing proposition. 

The  center  forging  material  is  No.  1035  S.  A.  E.  steel, 
heat-treated;  the  knuckles  and  arms  No.  3180  S.  A.  E. 
steel,  heat-treated;  hubs  and  flanges,  malleable  iron.  In 
short,  the  S.  A.  E.  materials  and  heat-treatments  are 
used  wherever  possible. 

The  steering-arms  are  forged  to  shape,  except  for  a 
hand-bending  operation  on  the  ball  arm.  They  are  se- 
cured in  the  knuckles  by  taper  fits  of  generous  dimen- 
sions, and  keyed. 

The  Class  AA  front  axle  is  of  similar  type,  without 


Class  A  Saicflb  Military  Truck 
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the  refinements  of  detail  used  in  the  A  and  B  designs. 
This  was  necessary  because  of  the  limited  weight  al- 
lowed for  the  lightest  axle.  The  general  construction 
is  distinctly  of  the  passenger  type.  The  lubrication  is  all 
with  gref se,  the  limitations  imposed,  as  before  stated,  not 
permitting  a  design  suitable  for  oil  without  approaching 
features  of  an  experimental  nature. 

The  hubs,  unlike  those  of  the  two  heavier  types,  are 
of  pressed  steel,  which  embodies  the  necessary  strength 
with  additional  lightness.  The  material  is  otherwise  the 
same  as  for  the  A  and  B,  part  for  part. 

Class  B  Rear  Axle 

During  the  early  stage  of  development  of  the  Class  B 
truck,  it  became  apparent  that  the  weight  would  far 
exceed  that  of  the  commercial  3V2-ton  truck.  This, 
coupled  with  the  severity  of  service,  brought  about  a 
design  which,  for  strength,  compares  favorably  with  the 
average  5-ton  commercial  rear  axle.  The  weight  alone, 
however,  was  not  the  only  determining  factor.  The  War 
Department  specification  for  the  locking  differential  ne- 
cessitated a  shaft  diameter  of  a  size  that  put  the  bear- 
ings and  tubes  into  the  5-ton  class.  It  was  not  consid- 
ered safe  to  calculate  the  shaft  stresses  except  by  the 
engine  torque.  The  material  selected  for  the  shaft  was 
a  steel  that  would  present  the  least  uncertainty  in  heat- 
treatment. 

These  conditions  made  it  possible,  without  any  sacri-- 
fioe,  to  use  one  size  of  bearing  for  the  wheels  and  differ- 
ential. The  drive-plates  are  shrunk  to  the  shafts  (ten 
splines  being  used  in  each  end)  and  piloted  into  the  hub 
fiange,  to  which  they  are  secured  by  fourteen  V2-in.  bolts. 
Studs  were  considered,  but  through-bolts  were  given  the 
preference. 

The  housing  construction  is  of  a  Timken  type,  either 
castxor  pressed  steel,  with  a  square  section  from  the  cen- 
ter bowl  out;  the  tubes  are  pressed  into  place,  a  retaining 
sciiew  being  provided  for  safety.  The  tube  extends  to 
the  bowl  of  the  housing,  and  a  reinforcing  plate  is  fitted 
over  the  inner  end  and  riveted  or  welded  to  the  top  and 
bottom  of  the  housing  shell. 

The  forged  steel  spring-seats  are  in  two  parts — top 
and  bottom — each  fitted  over  the  housing  on  machined 
surfaces  and  doweled  for  side  position. 

The  worm  and  gear  are  of  the  David  Brown  type, 
with  an  8%-in.  center  distance.  The  pressure  angle  is 
30  deg.,  the  linear  pitch  1.1562  in.,  and  the  lead  angle  is 
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24  deg.  20  min.  Compared  with  the  sizes  used  in  com- 
mercial trucks,  this  design  appears  somewhat  inadequate. 
The  limiting  factor,  however,  is  ground  clearance,  which 
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the  military  authorities  considered  so  necessary  as  to 
lacrifice  possibly  the  maximum  life  of  the  worm  gear. 
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It  might  be  mentioned  that  the  samples,  giving  due  con- 
sideration to  the  comparatively  short  mileage,  do  not 
indicate  that  such  a  sacrifice  has  been  made. 


Desiqned  for  thb  Class  B  Military  Truck 


The  gear  is  mounted  on  the  differential  by  means  of 
corrugations  3.16  by  1/16  in.  on  one  side  for  one-half  the 
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width  of  the  gear  seat  and  piloted  by  the  other  side.  It 
is  secured  against  side-thrust  by  a  ring  held  by  twelve 
rivets  and  against  a  shoulder  on  the  opposite  side.    This 


Cross-Sbction  Showing  Class  B  Worm  Gear 

mounting,  although  not  new,  gives  large  space  for  the 
differential,  as  well  as  economy  in  bronze. 


Cro88-Sf.ctional    View    of    Rear    Axle    for    Class    A  A    Military 
Motor  Truck 
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Differential  Possibilities 

The  differential  originally  chosen  was  of  a  well-known 
locking  type,  but  because  of  the  comparatively  small 
number  in  use  for  this  capacity  a  common  type  was  sub- 
stituted. The  locking  differentials  on  the  sample  trucks 
have  thus  far  given  complete  satisfaction  and  seem  to  be 


Brake  System  Usrd  on  Class  B  Rbar  Axle 


adequate  from  the  standpoint  both  of  strength  and  wear. 
The  differential  worm  and  gear  are  mounted  on  a  car- 
rier piloted  at  the  top  of  the  housing.  The  gear  adjust- 
ment is  made  by  slotted  and  threaded  rings  in  back  of 
the  bearing  cups.  The  cups  are  clamped  to  the  main 
pedestals  by  caps,  nickel  steel  studs  1-in.  diameter  being 
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used.    The  whole  unit  can  be  removed  from  the  housing 
without  disturbing  any  adjustments. 

Throughout  the  axle  the  various  parts  have,  wherever 
possible,  been  so  designed  as  to  permit  assembling  and 


Cross-Sectional  View  of  Rear  Axlb  for  Class  A  Military 
Motor  Truck 


disassembling  as  the  following  units:  (1)  The  shaft  and 
drive-plates;  (2)  the  wheel,  drum,  bearings  and  dust 
washer;  (3)  the  brake  anchor  and  bands,  levers  and 
shafts;  and  (4)  carrier  and  parts. 

The  brakes  are  side  by  side  and  are  made  of  rolled 
stock,  toggle  operated,  24-in.  diameter  and  2%-in.  wide. 
The  proper  place  for  brakes  is  unquestionably  on  the 
rear  wheels,  provided  they  can  be  made  of  a  size  large 
enough  to  be  dependable.  Since  the  War  Department 
permitted  a  24-in.  diameter  the  problem  was  merely  one 
of  designing  a  brjike  easy  of  adjustment  and  of  disassem- 
bling or  relining.  The  toggle  brake  in  this  instance  was 
given  preference  because  it  made  accurate  forming  of 
bands  and  machining  unnecessary.  The  objection  raised 
on  account  of  the  rattle  is  of  minor  importance  when  the 
braking  power  available  is  considered. 

Besides  the  anchor  and  supporting  pin  (which  is 
square)  three  additional  adjusting  screws  are  provided 
for  each  band,  designed  so  as  to  make  adjustments  pos- 
sible without  removing  the  wheel  and  drum.  These  have 
mushroom  heads  to  prevent  pounding  into  the  softer 
metal  of  the  band.  The  drums  are  pressed  steel,  flanged 
to  give  rigidity.  S.  A.  E.  materials  and  standards  are 
used  throughout. 
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All  bearings  are  tapered  roller  except  the  internal  gear 
spur  pinion  and  the  wheel  bearings  on  the  Class  A  truck, 
which  are  of  straight  roller  type.  The  manufacturers 
making  the  internal  gear  axles  recommend  this  practice 
on  the  ground  that  failure  to  adjust  would  cause  a  mis- 
alignment of  the  gears. 

Oilers  and  grease  cups  have  been  omitted  wherever 
possible  and  pipe  plugs  substituted.  All  nuts  of  large 
diameter  and  fine  threads  are  case-hardened. 


View  OF  Class  A  Rear  Brakes 


Classes  A  and  AA  Rear  Axles 

The  internal-gear  type  axle  was  selected  for  the  Class 
A  rear  axle;  first,  because  of  the  available  manufacturing 
facilities,  and  second,  because  of  the  high  ground  clear- 
ance desired. 

The  countershaft  was  placed  in  the  rear  of  the  load 
carrying  member;  first,  it  makes  possible  a  simple  assem- 
bling job;  second,  gear  adjustment  can  be  made  by  simply 
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removing  the  rear  cover-plate  (as  in  current  passenger 
practice)  ;  and,  third,  lighter  weight  is  thus  secured. 

The  question  of  the  loads  added  to  the  wheel  bearings 
with  this  construction  was  considered,  but  was  found  to 
be  negligible  as  contrasted  with  those  due  to  the  road 
shocks. 

The  load-carrying  member  is  a  pressed-steel  housing. 
The  differential  carrier  is  bolted  to  the  inner  face  of  the 
front  flange.  The  drive-shaft  tubes  are  V^-in.  wall  tub- 
ing, flanged  at  the  inner  end  and  bolted  to  the  aluminum 
case,  and  piloted  into  a  felt  ring  at  the  outer  end. 

The  bevel  gears  are  somewhat  larger  than  necessary 
owing  to  the  fact  that  provision  had  to  be  made  for  a 
locking  differential.  The  wheel  brake  (emergency)  is 
of  the  toggle  type,  the  service  brake  being  attached  to 
the  transmission. 

The  Class  AA  rear  axle  is  of  the  generally  accepted 
full-floating  passenger-car  type,  selected  because  of  the 
large  production  possible.  The  ring  gear  is  12%-iB.  di- 
ameter, 61-tooth  pinion  and  11-tooth,  4%-in.  pitch 
spiral-bevel  gear.  Current  practice  has  been  followed  in 
each  feature. 


TRANSMISSIONS  FOR  THE  CLASS  B  TRUCK 
By  A  W  Copland* 

The  first  meeting  of  the  newly  formed  Transmission 
Division  of  the  S.  A.  E.  Standards  Committee  was  held 
May  2  and  3,  1917,  in  Cleveland.  Some  two  weeks  before 
this  time  the  Motor  Transport  Board  of  the  War  De- 
partment had  issued  standard  specifications  for  Class  A 
and  Class  B  gasoline  motor  trucks  in  the  preparation  of 
which  the  Truck  Division  of  the  S.  A.  E.  Standards 
Committee  assisted. 

The  first  business  taken  up  by  the  new  Division  was  a 
study  of  the  standard  specifications  as  they  directly  or 
indirectly  influenced  the  transmission  and  clutch  design. 
Some  minor  changes  in  the  specifications  relating  to 
transmissions  and  clutches  were  suggested.  These  were 
accepted  by  the  (jovemment  and  incorporated  in  the  later 
edition  of  the  specifications. 

At  this  time  the  plan  was  to  accept  any  commercial 
engine,  transmission  and  axle  that  would  come  within 
the  specifications  and  use  them  in  trucks  that  would 
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measure  up  to  the  requirements.  However,  the  design  of 
the  fastening  points  and  connections  for  each  major  unit 
was  to  be  standardized  so  that  each  unit  would  be  inter- 
changeable with  any  other  unit  of  its  class.  The  Trans- 
mission Division  took  up  this  work  with  great  earnest- 
ness and  held  several  meetings  during  May  and  June. 

Nearly  every  transmission  maker  in  the  country  sub- 
mitted at  least  one  design  and  some  manufacturers  pre- 
sented a  new  design  at  every  meeting.  It  was  found 
necessary  to  make  changes  in  the  fastening  points  of 
every  transmission  then  in  production  which  was, sub- 
mitted for  consideration;  in  most  cases  the  gears  and 
countershaft  were  the  on^  parts  not  changed.  One 
maker  insisted  on  having  the  size  of  holes  in  the  rear 
supporting-arms  of  his  transmission  made  the  standard, 
declaring  it  was  the  only  thing  on  the  outside  of  his 
design  that  had  been  left  to  him.  Real  constructive  work 
was  accomplished  by  the  free  discussion  and  friendly 
criticism  of  each  other's  designs. 

Engineering  Discussion 

The  following  incident  will  illustrate  the  practical  value 
of  these  frank  discussions:  Mr.  A.  remarks:  We  have 
never  had  an  entirely  satisfactory  thrust  bearing  and 
throw-out  device  for  our  clutches ;  we  attempt  to  lubricate 
the  thrust  bearing  by  delivering  oil  from  the  transmis- 
sion through  a  passage  in  the  shank  of  the  drive-gear. 
This  passage  was  connected  by  radial  holes  with  the 
thrust  bearing.  If  we  make  these  holes  large  enough  to 
insure  sufficient  lubrication  at  all  times,  occasionally  the 
flow  will  be  so  excessive  as  to  drain  the  transmission. 
We  have  tried  a  felt  damper  in  the  drive-gear  but  this 
has  proved  only  partly  successful  because  so  many  dif- 
ferent kinds  of  transmission  lubricant  are  used.  Now,  I 
have  noticed  that  Mr.  B.  does  not  provide  any  means  for 
lubricating  the  thrust  bearing,  but  uses  a  type  of  thrust 
bearing  quite  different  from  ours.  As  he  has  been 
using  this  bearing  for  a  long  time  we  have  decided  to 
adopt  Mr.  B.'s  type  of  thrust  bearing. 

Mr.  B.  squirms  a  bit  and  then  confesses  he  has  not 
been  entire^  free  from  thrust-bearing  trouble  and  has 
even  thought  seriously  of  trying  the  type  Mr.  A.  was 
about  to  abandon.  Everyone  was  thus  brought  into  the 
discussion,  and  it  was  decided  to  make  a  careful  study 
of  the  problems  involved  in  the  design  of  the  clutch 
throw-out.  This  was  done,  and  eventually  led  to  a  new 
arrangement  of  the  parts  which  insures  uniform  distribu- 
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tion  of  pressure  on  the  bearing  and  permits  lubrication 
from  the  outside  with  a  minimum  of  trouble. 

A  gratifying  amount  of  constructive  v^ork  was  brought 
about  by  these  confessions.  Patriotism  impelled  each 
one  to  disclose  everything  he  knew  about  transmission 
design  and  to  state  freely  his  experience  with  the  devices 
suggested.  Those  with  improvements  which  they  ex- 
pected to  incorporate  in  their  product  sometime  in  the 
future  submitted  ideas  with  commendable  frankness. 
With  nearly  all  the  transmission  makers  of  the  country 
working  together  in  such  a  splendid  spirit,  great  prog- 
ress was  made,  and  at  a  meeting  held  June  2  in  Wash- 
ington, four  makers  decided  to  join  in  designing  a  new 
transmission  for  the  Glass  A  truck.  Several  other  makers 
signified  their  willingness  to  adopt  the  new  design  later 
if  they  were  called  upon  by  the  Government  to  make 
transmissions  for  Glass  A  trucks. 

As  so  much  preliminary  work  had  been  done  in  previous 
meetings  and  by  the  engineering  departments  of  trans- 
mission makers,  the  main  features  of  the  new  transmis- 
sion design  were  quickly  decided  on,  and  the  Ball  and 
Roller  Bearings  Division  of  the  S.  A.  E.  Standards  Gom- 
mittee  was  requested  to  recommend  bearing  sizes.  The 
sizes  of  ball  bearings  recommended  by  it  were  consider- 
ably larger  than  those  used  in  commercial  practice,  but 
the  bearing  engineers  insisted  that  for  military  use  they 
could  not  approve  smaller  sizes.  Stress  diagrams  were 
made  for  all  bearings,  gears  and  shafts.  At  the  meeting 
held  July  20  in  Golumbus  a  tentative  design  was  submit- 
ted. At  this  time  drawings  of  most  of  the  details  had 
been  made,  but  at  this  historical  Golumbus  meeting  the 
Government  told  us  it  would  adopt  one  design  only  for 
each  detail  part  of  the  A  and  B  trucks  "to  the  last  screw, 
bolt  and  nut."  The  transmission  makers  had  progressed 
so  far  in  this  direction  that  it  was  an  unbroken  continu- 
ance of  their  work  to  consider  the  transmission  and  clutch 
for  the  Glass  B  truck,  which,  the  Government  stated, 
was  needed  first. 

Details  of  Transmission 

The  Government  asked  for  volunteers  among  S.  A.  E. 
members  to  go  to  Washington  and  design  two  sizes  of 
military  trucks.  The  desired  number  quickly  volunteered 
and  were  called  to  Washington  July  30,  when  the  differ- 
ent groups  commenced  at  once  to  consider  their  particular 
problems. 

The  B  transmission  is  of  the  amidship  type  with 
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four  speeds  forward  and  one  reverse.  The  main  shaft 
and  countershaft  are  placed  in  a  horizontal  plane 
vnth  the  idler  gear-shaft  above  and  to  the  left,  looking 
from  the  rear  forward.  The  horizontal  type  was  adopted 
in  order  to  get  the  ground  clearance  specified,  18  in. 
below  the  transmission  at  a  point  midway  between  the 
front  and  rear  wheels. 

The  transmission  weighs  about  230  lb.  The  case  is  of 
aluminum.  The  front  is  supported  by  a  6-in.  trunnion 
within  which  is  mounted  the  outer  drive-gear  bearing. 
The  rear  is  supported  by  two  steel  forgings  bolted  and 
doweled  to  the  back  of  the  case.  The  fact  that  the  main- 
shaft  and  countershaft  are  in  a  horizontal  plane,  and  that 
the  idler  gear  is  placed  above  minimizes  the  depth  below 
the  mainshaft. 

The  gears  are  5-7  pitch,  6  in.  from  center  to  center  of 
main  shaft  and  countershaft.  The  width  of  gears  in- 
creases from  1^  to  iy2  in.  from  the  constant  mesh  gears 
to  the  low,  according  to  the  tooth  pressure  developed  and 
the  work  it  is  expected  each  speed  will  be  called  upon 
to  do. 

Vakiss  of  Speed  Ratios 

The  speed  ratios  are  5.93  to  1  on  first  and  reverse 
speeds,  3.23  to  1  on  second,  1.76  to  1  on  third,  and  direct 
on  fourth  speed.  As  the  rear  axle  reduction  is  9.5  to  1 
this  gives  a  total  reduction  of  56.335  on  first  and  reverse. 

It  is  common  practice  in  transmission  design  to  have 
the  reduction  considerably  greater  on  reverse  than  on 
first.  The  ordinary  four-speed  transmission  arrange- 
ment with  a  ratio  of  5.93  on  first  would  have  one  of 
6.78  on  reverse.  A  total  reduction  of  56.335  was  con- 
sidered ample  to  secure  the  tractive  factor  desired  in  the 
Class  B  truck  under  almost  any  road  conditions,  so  it 
was  decided  to  make  the  ratio  on  reverse  speed  in  the 
transmission  the  same  as  on  low ;  all  working  parts  to  the 
rear  of  the  transmission  can  thus  be  made  lighter  than 
would  have  been  required  if  the  usual  practice  had  been 
carried  out  of  having  the  reduction  reverse  greater  than 
on  low  speed.  The  countershaft  first-speed  gear  is  forged 
integral  with  the  countershaft.  The  other  countershaft 
gears  are  held  with  a  single  key. 

The  reverse  idler  gears  are  made  from  an  integral 
forging.  The  shifter  slot  is  between  the  gears.  All 
gears  are  made  from  forgings.  The  mainshaft  is  2^- 
in.  S.  A.  E.  six-spline,  ground  all  over  except  where 
threaded.  A  clearance  is  provided  over  the  splines  in  the 
keyways  of  gears,  the  working  fit  being  between  the 
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ground  bore  of  the  gear  and  the  small  diameter  of  shaft 
between  the  splines. 

All  shafts  are  specified  alloy  steel  equal  to  Sy2  per 
cent  nickel  in  physical  properties,  properly  case-hardened. 
Gears  may  be  !made  of  alloy  steel  equal  in  physical  prop- 
erties to  3%  per  cent  nickel.-  The  steel  may  be  high 
carbon  properly  heat-treated  or  low  carbon  properly  case- 
hardened.  All  the  gears  are  now  being  made  of  3^2  ^er 
cent  nickel  steel,  low  carbon  case-hardened. 

The  lower  part  of  the  mesh  lock-plungers  are  wedge 
shape.  Instead  of  leaving  a  thin  straight  end,  the  end 
is  machined  concave  and  rounded  off.  This  design  gives 
greater  wearing  surface  than  the  cone-pointed  plunger 
and  the  concave  end  prevents  the  plunger  from  turning 
around.  There  is  no  interlock  in  the  transmission  but 
a  positive  interlock  is  provided  in  the  control  set.  The 
control  set  is  a  rocking-lever  type. 

Annular  ball  bearings  are  used  for  drive-gear  shank, 
mainshaft  case  bearing  and  countershaft.  The  main- 
shaft  spigot  bearing  is  of  the  solid  roller  type  running 
directly  on  the  pilot  on  the  end  of  the  mainshaft  and  in 
the  end*of  the  drive  gear.  Plain  phosphor  bronze  bear- 
ings are  used  for  the  idler  gears.  The  drive-gear  shank 
terminates  in  a  IVi-in.  S.  A.  E.  taper  and  the  mainshaft 
in  a  1%-in.  S.  A.  E.  taper. 

Current  Practice  Followed 

Although  the  several  units  of  the  Glass  B  truck  were 
designed  by  separate  groups,  the  different  groups  kept  in 
close  touch  with  each  other  and  the  result  is  a  truck 
of  balanced  design.  The  Glass  B  transmission  is  in  no 
sense  a  compromise  design.  Each  part  of  the  design  had 
practically  the  unanimous  approval  of  the  transmission 
engineers  on  the  job,  and  in  most  cases  represents  suc- 
cessful current  practice.  It  is  confidently  expected  to 
give  a  good  account  of  itself  under  the  most  trying  con- 
ditions on  the  battle  front.  Throughout  the  whole  design 
S.  A.  E.  Standards  were  used  just  as  fully  as  they  were 
available. 

The  speed-change  H-plate  is  the  S.  A.  E.  recom- 
mended practice.  No  rocker-arms  are  used  in  the  trans- 
mission. The  shifter-forks  are  fixed  to  the  shifter-rods 
by  hardened  screws  having  special  taper  ends.  The 
shifter-forks  are  as  short  as  the  diameter  of  gears  will 
allow.  The  arrangement  is  such  that  the  shifter-rod 
nearest  to  the  idler  gear  is  the  one  used  for  reverse. 
Grooves  of  90-deg.  V-shape  are  used  for  the  shifter-rod 
notches. 
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FUEL  FOR  AUTOMOTIVE  APPARATUS 
By  Dr  E  W  Dean* 

The  present  paper  deals  with  certain  problems  com- 
mon to  the  two  industries  of  automotive  engineering  and 
petroleum  refining.  A  brief  preliminary  discussion 
seems  to  be  in  order  to  explain  why  a  chemist  is  elected 
to  present  information  apparently  not  related  to  his 
normal  field  of  work. 

The  Bureau  of  Mines  has  for  several  years  been  con- 
duct ingf  scientific  investigations  in  the  field  of  petroleum 
technology.  This  work  was  begun  through  the  establish- 
ment of  a  chemical  laboratory  for  the  testing  of  oils.  It 
waSy  however,  recognized  at  an  early  date  that  little  of 
practical  importance  could  be  accomplished  if  activities 
were  limited  to  such  a  narrow  scope.  When  the  present 
petroleum  division  of  the  Bureau  was  organized  the 
chemical  section  of  this  division  was  made  to  include 
with  its  laboratory  investigations  studies  in  the  fields  of 
petroleum  refining  and  utilization. 

The  Bureau  was  early  impressed  with  the  general  fail- 
ure of  producers  and  users  of  petroleum  products  to  work 
together  in  dealing  with  the  many  problems  that  are  of 
common  interest.  It  is  now  thought  that  no  more  impor- 
tant end  can  be  accomplished  than  to  interest  refiners  and 
automotive  engineers  in  the  advantages  of  cooperation. 

The  principal  petroleum  products  in  which  automotive 
engineers  are  interested  are  gasoline  and  lubricating  oil. 
At  present  the  latter  does  not  seem  to  demand  as  much 
attention  as  the  former  and  although  there  is  little  doubt 
as  to  the  advantage  to  automotive  engineers  of  a  knowl- 
edge of  the  manufacture  and  properties  of  lubricants,  it 
seems  most  desirable  at  present  to  concentrate  efforts  on 
obtaining  a  solution  of  the  fuel  problem.  Fuels,  as  re- 
ferred to  in  this  paper,  will  be  understood  to  mean  the 
liquid  fuels  employed  for  operating  internal -combustion 
engines. 

Gasoline  Problem  of  Chief  Interest 

During  the  past  few  years  the  demand  for  gasoline 
has  increased  far  more  rapidly  than  the  supply  of  raw 
material  from  which  it  is  produced.  Consequently  there 
has  been  a  general  change  in  refinery  practice  with  the 
production  of  so-called  heavy  gasolines,  which  are  actu- 
ally of  relatively  low  average  volatility.    Although  this 
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change  in  quality  is  not  necessarily  deterioration,  it  has 
brought  to  the  attention  of  designers  and  users  of  in- 
ternal-combustion engines  problems  that  did  not  exist  in 
the  past.  Coincident  with  the  change  in  quality  there 
has  been  an  increase  in  market  price  and  a  threatened 
condition  of  shortage  in  supply,  so  that  the  automotive 
engineering  industry  now  has  for  solution  the  complex 
problem  of  devising  equipment  for  the  utilization  of  fuel 
of  low  volatility  and  at  the  same  time  getting  a  greater 
production  of  effective  power  from  the  quantity  of  gaso- 
line used. 

Properties  and  Production  op  Gasoline 

Before  beginning  the  most  important  part  of  this 
paper — that  which  discusses  the  possibility  of  increas- 
ing the  supply  of  fuel  and  the  efficiency  of  its  utilization 
— it  is  desirable  to  consider  briefly  the  characteristic 
qualities  of  gasoline  and  the  possibility  of  variation  among 
these  as  influenced  by  refining  methods.  It  is  already  un- 
derstood by  automotive  engineers  that  the  name  gasoline 
is  decidedly  indefinite  in  its  meaning  and  that  it  includes 
a  heterogeneous  class  of  petroleum  products  that  have  in 
common  only  the  power  of  enabling  automobilists  to  start 
and  operate  their  engines.  The  following  discussion  is 
intended  to  shov^  some  of  the  characteristic  differences 
among  types  and  grades  of  gasoluie  and  to  explain  and 
perhaps  justify  the  changes  in  qutdity  that  have  occurred 
recently. 

Review  of  Refinery  Methods 

There  are  now  three  general  methods  by  which  gaso- 
line is  obtained  from  raw  material.  The  oldest  and  still 
the  most  important  is  the  ordinary  refinery  process  of 
distillation  from  crude  petroleum.  A  second  method,  also 
used  in  refineries,  is  the  pressure-cracking  process,  in 
which,  instead  of  crude  petroleum,  heavy  distillates,  such 
as  gas  oil  or  fuel  oil,  are  used  as  raw  material.  The  third 
method  involves  the  extraction  of  gasoline  from  natural 
gas,  either  by  the  absorption  or  the  compression  process. 
The  product  thus  obtained  is  commonly  called  casinghead 
gasoline. 

An  adequate  discussion  of  the  details  of  any  one  of 
these  processes  is  beyond  the  scope  of  the  present  paper 
and  it  is  therefore  necessary  to  pass  this  interesting  field 
with  a  brief  word  of  mention.  It  may  be  stated,  however, 
that  the  straight  distillation  method  is  highly  developed 
and  that  improvements  in  it  offer  only  moderate  possi- 
bility of  increasing  the  supply  of  fuel.  Some  gasoline  and 
naphtha  still  go  into  the  kerosene  fractions,  but  wastes 
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of  this  sort  are  not  important  in  the  present  situation. 
The  cracking  process  is  as  yet  only  partly  developed,  and 
in  the  future  its  use  will  undoubtedly  be  considerably  in- 
creased. It  is  not  to  be  expected,  however,  that  there  will 
be  more  than  gradual  development  in  this  lield  even  if  the 
Standard  Oil  Company  should  decide  to  license  the  Bur- 
ton proceiss  for  general  use  at  an  early  date. 

Other  cracking  processes  are  being  installed  on  a  com- 
mercial scale  but  as  yet  these  seem  to  be  limited  to  the 
small  unit  stage.  The  extraction  of  gasoline  from  natural 
gas  is  likewise  a  method  that  is  growing  in  use  and  it  is 
difficult  to  predict  just  what  can  be  expected  from  it  on 
the  basis  of  data  now  at  hand.  The  recently  developed 
absorption  process  makes  it  profitable  to  extract  gasoline 
from  gas  not  sufficiently  rich  to  be -treated  by  the  com- 
pression process,  but  resources  in  this  direction  probably 
cannot  be  expected  to  develop  in  more  than  gradual 
fashion. 

Properties  of  Straight  Refinery  Gasoline 

The  most  familiar  type  of  fuel,  that  produced  from 
crude  oil  by  the  distillation  method,  is  commonly  de- 
scribed as  "straight  refinery"  gasoline.  This  type  of 
gasoline,  as  ordinarily  refined,  is  colorless  and  possesses 
an  odor  varying  from  actual  sweetness  to  the  slightly  dis- 
agreeable quality  characteristic  of  kerosene.  The  hydro- 
carbons of  straight  refinery  gasoline  are  of  the  so-called 
saturated  class  and  are  inactive  when  treated  with  such 
reagents  as  bromine,  iodine  and  cold  concentrated  sul- 
phuric acid.  They  are,  however,  slightly^  attacked  by  ' 
fuming  sulphuric  acid  of  moderate  strength  and  by  ni- 
tro-sulphuric  acid  mixture. 

Straight  refinery  gasoline  may  vary  within  wide  limits 
in  the  property  of  volatility  but  the  distillation  curves 
obtained  by  plotting  the  results  by  the  Engler  test  have 
a  more  or  less  characteristic  form.  Fig.  1  shows  the  dis- 
tillation curves  of  three  gasolines  of  various  degrees  of 
volatility  obtained  from  different  types  of  crude  pe- 
troleum. The  percentage  marks  are  plotted  as  ordinates 
and  temperatures  as  abscissas.  The  curves  slope  upward 
rather  sharply  from  the  initial  boiling  point  to  approxi- 
mately the  20  per  cent  mark.  From  this  point  the  graph 
proceeds  as  practically  a  straight  line  sloping  gradually 
upward  to  about  the  90  per  cent  mark.  Here  another 
steeper  slope  commences,  which  generally  proceeds  to 
about  the  95  per  cent  mark,  and  then  breaks  sharply. 
This  break  is  due  to  the  fact  that  the  dry  point  is  not  ac- 
tually the  100  per  cent  mark. 
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Gasoline  from  <!racking  Processes 

The  characteristic  properties  of  cracked  ga'feoline  are 
odor  and  content  of  unsaturated  or  olefin  hydrocarbons. 
Untreated  cracked  distillates  have  a  particularly  -  rank 
and  unpleasant  odor,  which  can  hov^ever  be  practically 
eliminated  by  treatment  vrith  a  small  percentage  of  sul- 
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Fig.  1 — ^Distillation  Cubtbs  of  Different  Gasolines 

phuric  acid.  The  odor  of  a  well-refined  cracked  gasoline 
is  not  noticeably  disagreeable  but  has  a  definite  quality 
and  pungency  that  distinguishes  it  from  gasoline  of  the 
straight  refinery  type.  This  odor  is  admitted  to  be  some- 
what undesirable  but  is  not  a  serious  objection.  The 
other  characteristic  property  of  cracked  gasoline  is  a  con- 
siderable content  of  unsaturated  hydrocarbons,  com- 
pounds that  react  vnth  such  chemicals  as  bromine,  iodine 
or  concentrated  sulphuric  acid. 

The  amount  of  material  removable  from  the  gasoline 
by  treatment  with  an  excess  of  cold  concentrated  sul- 
phuric acid  is  generally  called  the  percentage  of  unsatura- 
tion.  The  cracked  gasolines  usually  marketed  are  acid  re- 
fined and  blended  virith  straight  run  and  casinghead  prod- 
ucts and  generally  do  not  contain  over  6  per  cent  of 
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hydrocarbons  removable  by  sulphuric  acid.  The  vola- 
tility curves  of  cracked  gasolines  are,  like  those  of 
straight-run  products,  controlled  by  the  method  of  refin- 
ing but  the  characteristic  general  form  is  the  same  as 
for  the  refinery  distillates.  Fig.  2  shows  the  distillation 
curve  of  an  unblended  cracked  gasoline  compared  with 
that  of  a  straight  refinery  product  that  happens  to  be  of 
the  same  average  volatility.  The  form  of  the  two  curves 
is  almost  identical. 

Casinghead  or  Natural  Gas  Gasoline 

Natural  gas  gasoline  is  of  such  a  volatile  nature  that 
it  is  usually  blended  with  a  considerable  proportion  of 
heavier  gasoline  to  reduce  its  vapor  pressure  so  that  it 
can  be  shipped  and  used  safely.  Its  chemical  and  some 
.  of  its  physical  properties  are  identical  with  those  of  the 
straight  refinery  t3rpe  of  product.  It  is  colorless,  of  sweet 
odor,  and  inactive  with  sulphuric  acid,  bromine  and 
iodine.  The  volatility  of  unblended  casinghead  gasoline 
is  a  property  concerning  which  the  Bureau  has  few  data. 
This  product  is  rarely  used  as  such  except  perhaps  in 
gasoline  gas  machines.  It  is  usually  marketed  as  a  blend, 
either  with  a  heavy  naphtha  produced  by  the  ordinary  re- 
finery process  or  with  straight  refinery  gasoline  of  high 
endpoint. 

T%e  term  naphtha  is  used  to  designate  a  distillate 
which  does  not  contain  the  low  boiling  fractions  in- 
cluded with  ordinary  gasoline.  The  blending  of  casing- 
head gasoline  with  the  straight  run  product  is  generally 
done  in  refineries,  many  of  which  make  a  practice  of  buy- 
ing all  of  the  former  they  can  obtain  and  adding  it  to  the 
distillates  produced  from  crude  petroleum.  The  blending 
of  casinghead  gasoline  with  naphtha  is  generally  done 
either  by  the  companies  that  produce  the  former  from 
natural  gas  or  else  by  blending  companies. 

Fig.  8  shows  the  characteristic  distillation  curves  of 
blended  casinghead  gasoline  as  compared  with  the  typical 
curve  of  a  straight  run  product.  One  of  the  curves 
represents  a  sample  of  fuel  that  was  obviously  prepared 
by  blending  approximately  equal  quantities  of  casinghead 
and  kerosene.  Thfs  is  a  "shocking  example"  of  what  a 
'  blended  gasoline  ought  not  to  be  and  is  the  only  sample 
of  this  type  of  fuel  that  the  Bureau  of  Mines  has  ever 
discovered  for  sale  in  the  market. 

Two  of  the  other  curves  represent  blends,  one  with 
heavy  refinery  gasoline,  the  other  with  naphtha.  The 
naphtha  blend  has  a  lower  initial  boiling  point  and  a 
higher  content  of  volatile  constituents  than  the  gasoline 
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blend.  Both  are  fuels  of  good  quality  and  are  probably 
superior  in  starting  properties  to  the  straight  run  gaso- 
line represented  by  the  distillation  curves  shown  for 
comparison. 

Desirable  Properties  of  Gasoline 

The  desirable  properties  of  gasoline  and  some  labora- 
tory tests  and  specifications  for  determining  them  have 
been  discussed  in  a  recent  technical  paper*  published 
by  the  Bureau  of  Mines.  This  paper  was  intended 
chiefly  for  the  information  of  refineries  and  chemists 
but  a  brief  review  of  some  of  the  considerations  men- 
tioned may  .not  be  out  of  place  here. 

The  requirements  for  a  satisfactory  fuel  are  as  fol- 
lows: 

(1)  That  it  shall  permit  ready  starting  of  a  cold 
engine; 

(2)  That  it  shall  permit  smooth  and  reliable  op- 
eration of  an  engine  at  varied  and  rapidly  changing 
4oads  and  speeds; 

(3)  That  it  shall  not  contain  substances  such  as 
free  acid  which  by  corrosion  or  otherwise  injure  an 
engine; 

(4)  That  there  shall  be  a  minimum  tendency  for 
either  solid  or  liquid  residues  to  accumulate  in  the 
engine. 

It  is  also  desirable  that  gasoline  shall  not  be  of  such 
nature  as  to.  be  subject  to  excessive  evaporation  losses  in 
storage  or  handling  and  that  it  shall  not  be  too  danger- 
ous. These  latter  requirements  are  indefinite,  however, 
and  vary  with  climatic  conditions.  In  addition  they  are 
likely  to  interfere  with  the  starting  qualities  of  gasoline 
if  satisfied  too  thoroughly. 

The  second  and  third  requirements  are  generally  satis- 
fied by  present  refinery  practice.f  The  Bureau  has  heard 
no  complaints 'either  of  corrosive  action  due  to  free  acid 
in  gasoline  or  of  lack  of  flexibility  in  engine  operation. 
The  first  requirement,  eaisy  starting  of  cold  engines, 
seems  to  be  least  generally  met,  as  the  present  ten- 
dency is  to  market  gasoline  of  relatively  low  average 
volatility.  There  seems  to  be  little  possibility  of  improve- 
ment in  this  quality  and  the  problem  of  easy  starting  will 
undoubtedly  have  to  be  solved  by  engine  designers. 

•Dean,  E.  W.,  Motor  Gasoline,  Properties,  Laboratory  Methods  of 
Testing.  &nd  Practical  Specifications.  Bureau  of  Mines  technical 
paper  166  (1917).  27  pages 

t Since  the  publication  of  the  paper  evidence  has  been  secured 
which  indicates  the  occurrence  of  corrosion  in  en^nes,  due  to 
improper  refining  of  gasoline.  This  phenomenon  is  now  being 
investigated  by  the  Bureau    . 
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The  requirement  that  gasoline  shall  not  leave  a  solid  or 
liquid  residue  in  the  engine  is  one  that  frequently  is  not 
satisfied,  according  to  reports  from  many  makers  and 
users  of  engines.  Complaints  are  heard  to  the  effect  that 
there  are  sometimes  gummy  deposits  in  carbureters  and 
manifolds,  that  excessive  carbon  deposits  collect  in  cylin- 
ders, and  that  heavy  fractions  of  gasoline  are  unbumed 
and  forced  past  cylinder  rings  into  the  crankcase  oil. 
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Fia.  2 — Distillation  Curves  for  Cracked  and  Refined  Gasolines 


Difficulties  are  without  question  frequently  due  to  im- 
proper engine  adjustment  and  operation,  but  the  gasoline 
is  undoubtedly  to  blame  in  some  cases.  The  accumulation 
of  gummy  deposits  in  carbureters  and  manifolds  is  a  type 
of  trouble  for  which  there  does  not  at  present  seem  to  be 
any  definitely  established  explanation.  The  Bureau  is  at 
present  studying  this  problem  but  has  not  yet  enough 
information  at  hand  to  make  it  desirable  to  attempt  an 
adequate  discussion.  Fortunately  this  type  of  engine 
trouble  does  not  seem  to  be  of  frequent  occurrence. 

Types  of  Cylinder  Residue 

The  two  most  important  types  of  residue  are  carbon, 
which  collects  in  the  explosion  chamber,  and  heavy  frac- 
tions of  the  gasoline. that  condense  and  escape  past  the 
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piston  rings  into  the  crankcase.  Carbon  deposition  is  fre- 
quently due  to  improper  carbureter  adjustment  and  can 
generally  be  minimized  if  a  sufficiently  lean  mixture  is 
used.  Such  deposition  is,  however,  in  common  with  crank- 
case  oil  pollution,  often  due  to  the  use  of  gasoline  con- 
taining too  great  a  proportion  of  heavy  ends,  which  in 
everyday  language  means  kerosene.  The  term  used  by 
the  refiner  and  oil  chemist  is  "high  endpoint"  and  means 
that  when  the  gasoline  is  subjected  to  a  distillation  test 
the  presence  of  high-boiling  fractions  is  indicated.  These 
fractions  undoubtedly  are  not  vaporized  even  in  cases 
when  no  fuel  troubles  are  experienced  but  are  burned 
while  in  the  form  of  a  fine  spray,  in  the  same  way  that 
coal  dust  or  grain  dust  burns  explosively. 

Fuel  trouble  due  to  high  endpoint  occurs  when  heavy 
constituents  are  present  in  excessive  proportion,  so  that 
instead  of  holding  up  in  spray  form  drops  of  considerable 
size  precipitate.  <  These  settle  on  cylinder  walls  and  pis- 
ton heads  and  cause  trouble  in  a  variety  of  ways.  Lubri- 
cation is  interfered  with,  there  is  deposition  of  carbon 
through  cracking,  and  liquid  residues  may  be  forced  past 
the  piston  rings  and  mixed  with  the  lubricating  oil. 
There  may  be  other  ways  in  which  trouble  is  caused  but 
those  already  mentioned  are  sufficient  to  indicate  the  dis- 
advantage attendant  upon  the  use  of  gasoline  of  too  high 
endpoint  in  the  average  engine. 

Unfortunately,  it  is  a  difficult  matter  to  set  any  kind  of 
definite  limit  that  serves  to  indicate  when  the  danger  line 
in  endpoint  is  passed.  There  are  on  record  cases  which 
seem  to  indicate  that  trouble  has  been  caused  by  the  use 
of  gasoline  of  endpoint  lower  than  400  deg.  f ahr.  On  the 
other  hand  a  tremendous  quantity  of  gasoline  is  being 
used,  generally  without  more  than  imaginary  fuel  trouble, 
which  has  an  endpoint  as  high  as  460  deg.  In  some  oases 
600  deg.  endpoint  gasolines  are  satisfactorily  employed 
and  the  author  is  acquainted  with  one  man  who  during 
the  summer  months  regularly  mixes  with  his  gasoline  a 
fourth  of  its  volume  of  kerosene  and  obtains  satisfac- 
tory results. 

There  is  no  question  upon  which  it  is  easier  to  start 
an  argument  than  on  the  proper  endpoint  of  gasoline. 
The  Bureau  of  Mines  has  up  to  date  taken  the  stand  that 
the  only  evidence  it  could  depend  on  is  the  general  mark- 
eting practice  of  refiners  and  on  this  basis  it  appears 
that  the  maximum  satisfactory  endpoint  for  a  properly 
balanced  gasoline  is  between  the  limits  of  400  deg.  and 
460  deg.  fahr. 
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Objections  to  Blended  and  Cracked  Products 

There  is  still  a  tendency  on  the  part  of  some  users  to 
consider  that  the  only  desirable  variety  of  gasoline  is  a 
highly  volatile  product  obtained  by  the  straight  refinery 
method.  Blended  casinghead  gasolines  are  claimed  to  be 
dangerous,  to  deposit  carbon  and  to  stratify  or  change 
their  composition  in  different  parts  of  a  storage  system. 
Cracked  gasolines  are  believed  to  be  of  vile  odor  and  to 
polymerize  in  carbureters  and  manifolds  and  to  leave  ex- 
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cessive  carbon  deposits  in  cylinders.    Straight  refinery 
gasolines  of  high  endpoint  are  likewise  condemned  on  the 
ground  that  they  are  bad  in  starting  an  engine  and  that 
they  deposit  carbon  and  pollute  the  crankcase  oil. 
These  beliefs  are  not  without  some  foundation  of  fact 
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There  is  little  doubt  that  from  the  point  of  view  of  the 
average  user  the  most -satisfactory  fuel  ever  produced 
was  a  straight  refinery  gasoline  testing  70-deg.  Baum^  or 
higher.  This  type  of  product  was  relatively  dangerous  in 
handling  and  was  subject  to  high  evaporation  losses  but 
these  disadvantages  were  ones  to  which  users  of  the  past 
were  educated  and  which  were  considered  characteristic 
of  gasoline.  The  fact  that  gasoline  was  tf^eated  with 
proper  respect  minimized  in  a  large  degree  the  first  dis- 
advantage, and  its  relatively  low  «ost  minimized  the  sec- 
ond. Gasoline  of  this  type  worked  satisfactorily  under 
almost  any  sort  of  engine  conditions  and  in  any  event  was 
rarely  blamed  for  trouble.  In  earlier  days  the  custom 
when  anything  went  wrong  was  to  swear  at  the  engine 
rather  than  at  the  fuel. 

When  the  newer  types  of  gasoline  were  first  intro- 
duced the  trouble  and  dissatisfaction  that  immediately 
arose  was  not  without  some  just  cause.  In  many  cases 
the  process  of  blending  casinghead  gasoline  was  not 
properly  conducted  and  in  any  event  70-deg.  Baume 
gasolines  of  this  type  could  not  help  being  dangerously 
volatile.  Methods  of  refining  crackeif  gasoline  were  not 
perfected  when  these  distillates  were  first  marketed  and 
they  certainly  did  not  compare  favorably  with  straight 
run  products  in  the  matter  of  odor.  It  is  likewise  possible 
that  there  may  actually  have  been  cases  of  polymeriza- 
tion with  troublesome  deposition  of  gummy  resinous  ma- 
terial. When  heavy  straight  refinery  gasolines  were  first 
used  engines  were  not  designed  or  adjusted  for  their  con- 
sumption and  difficulties  naturally  arose.  At  present  the 
methods  employed  in  production  and  refining  have  been 
so  improved  that  the  bulk  of  the  gasoline  now  on  the 
market  is  really  of  excellent  quality. 

Both  cracked  and  natural  gas  gasolines  are  put  out  in 
ihe  form  of  blends  that  the  average  user  cannot  distin- 
guish ffom  straight  refinery  products  and  which  have 
actual  elements  of  superiority  over  the  latter  as  now 
marketed.  Heavy  gasoline  is,  of  course,  deficient  in  the 
property  of  easy  starting,  but  this  objection  is  balanced 
by  the  fact  that  it  actually  contains  more  heat  units  per 
gallon  and  permits  the  development  of  more  power.  There 
are  certain  other  admitted  objections  to  relatively  non- 
volatile gasolines,  but  these  are  chiefiy  of  the  sort  that 
can  be  obviated  by  proper  engine  design  and  adjustment. 
The  Bureau  has  yet  to  receive  proof  that  a  gasoline  of 
400-deg.  fahr.  endpoint  and  a  properly  balanced  range  of 
volatility  (which  means  that  from  15  to  20  per  cent  of 
constituents  distill  below  the  boiling  point  of  water  and 
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that  the  other  fractions  are  reasonably  well  distrib- 
uted) has  failed  to  yield  satisfactory  results  in  a  well- 
adjusted  automobile  engine  of  up-to-date  design.  In 
many  cases  gasolines  of  as  high  endpoint  as  450  deg. 
f ahr.  are  being  used  with  satisfaction. 

The  main  advantage  of  the  present  type  of  fuel  is  that 
its  introduction  has  permitted  the  producers  to  keep 
pace  with  the  demands  made  upon  them.  If  the  older 
standards  of  quality  had  been  maintained  prices  would 
have  soared  far  above  their  present  high  level  and  in  ad- 
dition there  would  have  been  today  an  actual  shortage. 
Few  users  of  automobiles  would  prefer  limitation  in  their 
supply  of  fuel  to  the  slight  inconvenience  of  having  to 
treat  their  engines  «Yi^ith  the  care  and  respect  these  com- 
plicated mechanisms  actually  deserve. 

Future  Developments  of  Fuel  Situation 

It  is  a  difficult  matter  to  make  accurate  predictions  for 
the  future  of  a  situation  involving  as  many  variables 
as  does  the  fuel  market.  The  Bureau  of  Mines 
is  able  to  obtain  reliable  information  concerning  gaso- 
line production  and  quality  but  realizes  its  inability  to 
foresee  all  factors  governing  market  conditions.  It  is 
therefore  necessary  to  be  conservative  in  attempting  to 
tell  what  is  likely  to  happen  in  any  limited  region  or  at 
any  given  time. 

The  one  definite  prospect  for  the  immediate  future  is 
that  there  will  be  a  considerable  withdrawal  of  fuel  from 
the  home  market  for  use  in  military  operations.  The 
quantity  needed  can  be  conservatively  estimated  for  the 
present  calendar  year  at  about  a  fifth  of  the  total  produc- 
tion of  the  country.  There  is  a  likelihood  that  the  quality 
will  also  be  changed  in  the  direction  of  further  decrease 
in  volatility  because  gasoline  for  military  purposes  will 
necessarily  be  of  higher  test  than  the  present 
average  commercial  grade.  If  the  total  production  is  to  be 
kept  up  to  the  present  mark  this  will  mean  that  domestic 
gasoline  will  be  of  lower  volatility  than  now.  In  addition, 
refiners  may  be  obliged  to  curtail  their  use  of  sulphuric 
acid,  which  will  result  in  the  marketing  of  gasoline  of  in- 
ferior color  and  odor. 

The  fuel  situation  is  unfortunately  one  for  which  the 
ultimate  successful  termination  of  the  war  does  not  prom- 
ise permanent  relief.  Estimates  as  to  the  number  of 
years  our  resources  of  crude  oil  will  last  have  been  vari- 
ously made  and  it  is  agreed  that  unless  unexpected  re- 
sources exist  another  generation  will  witness  an  actual 
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shortage  in  the  raw  material  from  which  gasoline  is  now 
produced.  It  is  certain  that  the  world  cannot  go  on  for- 
ever using  up  crude  petroleum  at  the  present  rate  of 
consumption  and  it  is  even  now  desirable  to  face  this 
prospect  SjQ[uarely  and  make  allowances  for  what  the 
future  is  likely  to  bring.  The  possibilities  of  new  sup- 
plies of  fuel  will  therefore  be  discussed  briefly,  with  the 
idea  of  showing  the  relative  importance  of  the  sources 
of  relief  mentioned. 

Use  of  Alcohol 

When  looking  for  a  future  supply  of  any  product  it  is 
natural  to  consider  raw  material  that  can  be  continuously 
produced  instead  of  taken  from  a  stored  up  deposit.  Al- 
cohol is  a  volatile  liquid  fuel  that  i^  known  to  be  satis- 
factory for  use  in  internal  combustion  engines  and  which 
can  be  produced  by  the  simple  process  of  fermentation 
from  any  source  of  sugar.  Unfortunately,  however,  evi- 
dence is  still  lacking  that  alcohol  can  be  produced  suffi- 
ciently cheap  enough  to  compete  with  various  other 
forms  of  fuel  that  come  to  us  as  it  were  ready-made. 
Just  at  present  alcohol  sells  at  a  price  that  almost  pro- 
hibits itj9  use  even  as  an  anti-freeze  compound.  This 
situation  is  of  course  abnormal  and  there  is  every  pros- 
pect that  in  the  future  alcohol  may  be  on  the  market  at 
a  lower  price  than  ever  in  the  past. 

The  economical  utilization  of  alcohol,  however,  re- 
quires engines  that  operate  at  compression  pressures  far 
greater  than  now  employed  for  gasoline,  which  fact  in- 
troduces complications  that  relegate  alcohol  to  the  far 
distant  future  as  a  potential  substitute  for  gasoline.  For 
the  present  it  seems  that  alcohol  is  only  of  academic  in- 
terest as  fuel  except  perhaps  in  localities  where  gasoline 
is  expensive  and  scarce  and  the  most  promising  raw 
material  for  alcohol  manufacture  is  cheap.  Such  a  situ- 
ation already  promises  to  develop  in  the  Hawaiian 
Islands;  gasoline  is  obtained  there  only  after  shipment 
over  sea,  but  low-grade  unrefinable  molasses  is  produced 
in  large  quantities. 

Use  of  Cocd'Tar  Distillates 

Another  source  of  fuel  that  has  received  much  atten- 
tion is  the  by-product  coking  industry.  The  light  oil 
constituents  obtained  by  this  process,  such  as  benzol, 
toluol  and  xylol,  are  known  to  be  satisfactory  fuel,  and 
although  during  the  war  the  demand  for  them  will  con- 
tinue to  be  greater  than  the  supply,  they  will  undoubt- 
edly be  marketed  as  fuel  after  the  present  abnormal  pro- 
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duction  of  explosives  decreases.  The  use  of  these  hydro- 
carbons either  as  such  or  blended  with  petroleum  gaso- 
line may  increase  the  supply  of  fuel  to  a  certain  degree, 
but  unfortunately  the  total  available  supply  is  relatively 
small.  The  following  statistical  information  is  interest^ 
ing:  The  gasoline  production  of  the  United  States  for 
the  calendar  year  1916  has  been  variously  given  at  from 
2  to  21A  billion  gallons.  The  U.  S.  Bureau  of  Mines  re- 
port on  refinery  operations  for  the  year  1916  gives  2,058,- 
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Fig.    4 — Fuel  From   Coal  Compared   with   Actual  Gasoline 
Producsd 

880,596  gal.  This  includes  a  portion  of  the  production  of 
casinghead  gasoline,  which  has  been  given  as  104,212,809 
gal.  by  J.  D.  Northrup,  U.  S.  Geological  Survey  press  bul- 
letin No.  332  (August,  1917). 

The  production  of  coal-tar  light  oils  for  the  same  year 
was  36,600,000  gal.  (C.  E.  Lesher,  Iron  Age,  vol.  99,  Feb. 
22,  1917),  and  it  has  been  estimated  that  during  the  year 
1917  this  production  will  have  been  increased  to  from 
40  to  60  million  gallons.    These  figures  indicate  that  if 
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the  total  production  of  coal-tar  light  oils  of  the  country 
were  added  to  the  engine  fuel  supply  the  increase  would 
be  about  2  per  cent.  These  figures  represent  coking  op- 
erations already  conducted  under  the  by-product  method. 
Figures  based  upon  the  total  coke  production  of  the  coun- 
try and  even  the  total  coal  production  of  the  country  are 
not  much  more  promising.  The  total  coke  produced  in 
1916  by  both  beehive  and  by-product  ovens  is  given  as 
54,533,585  short  tons  and  the  total  bituminous  coal  as 
502,519,682  tons.  (United  States  Geological  Survey  press 
bulletin  No.  343,  November  1917.)  It  is  likewise  record- 
ed that  the  average  yield  of  coke  from  a  ton  of  coal  is 
1440  lb.  and  the  average  yield  of  light  oil  is  1.54  gal.  (G. 
E.  Lesher,  Mineral  Resources  of  the  United  States,  1916, 
part  2,  pp  515-558.) 

Calculations  from  these  figures  indicate  that  if  all  the 
coke  produced  in  the  country  in  1916  had  been  made  by 
the  by-product  process,  the  75,741,053  tons  of  coal  used 
would  have  yielded  117,641,232  gal.  of  light  oil,  which  if 
entirely  devoted  to  use  in  internal-combustion  engines 
would  have  increased  the  available  supply  of  fuel  by  a 
little  more  than  5  per  cent.  If  all  the  bituminous  coal 
produced  had  been  coked  and  had  yielded  the  same  aver- 
age quantity  of  light  oil  as  the  grade  of  coal  now  used 
for  coking  the  light  oil  produced  would  have  amounted  to 
753,779,523  gal.,  which  proves  to  be  less  than  34  per  cent 
of  the  gasoline  production.  These  statistics  show  the 
limitations  of  the  coking  industry  as  a  source  of  engine 
fuel.  Fig.  4  represents  graphically  the  theoretical  quan- 
tities of  fuels  produceable  from  coal  as  compared  with 
the  gasoline  actually  produced.  The  use  of  coal-tar  light 
oils  as  fuel  will  undoubtedly  aid  to  increase  the  supply  at 
soine  time  in  the  future,  but  they  by  no  means  promise  to 
meet  the  total  need  for  more  gasoline. 

New  Resources  of  Crude  Petroleum 

It  is  by  no  means  certain  that  the  tremendous  quanti- 
ties of  crude  petroleum  at  present  counted  on  exist,  but 
producers  are  hopeful  that  such  fields  as  the  Mexican  and 
even  the  Central  American  and  South  American  fields 
may  ultimately  develop  to  a  considerable  degree  of  im- 
portance. The  discovery  of  more  crude  petroleum  would 
seem  to  be  the  easiest  and  most  pleasant  way  of  meeting 
the  threatening  fuel  shortage,  but  this  Is  a  possibility 
that  is  so  uncertain  that  it  is  hardly  wise  to  place  de- 
pendence on  it. 
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Gasoline  from  OU  Shale 

Vast  deposits  of  oil-bearing  shale  are  known  to  exist 
in  certain  parts  of  this  country  and  engine  fuel  can  un- 
doubtedly be  obtained  from  this  source.  Here,  however, 
as  in  the  case  of  alcohol,  the  factor  of  expense  in  produc- 
ing puts  these  products  in  the  class  of  a  resource  that 
may  be  utilized  in  the  future.  Scientists  are  already 
giving  attention  to  the  problem  of  working  up  these 
shales  and  it  is  hoped  that  satisfactory  methods  for  ob- 
taining fuel  in  maximum  quantity  and  of  the  best  pos- 
sible quality  will  be  developed  by  the  time  it  becomes 
commercially  practicable  to  use  the  shales.  Many  prob- 
lems in  the  fields  both  of  distillation  of  the  shales  and 
treatment  and  refining  of  the  oils  remain  yet  to  be 
solved,  but  these  problems  are  considered  to  be  compara- 
tively simple  of  solution  and  are  now  being  studied. 

Wider  Use  of  Cracking  Processes 

From  the  point  of  view  of  the  oil  refiner  the  most  de- 
sirable way  of  increasing  the  supply  is  to  get  more  of  it 
from  the  same  quantity  of  crude  oil  now  refined.  This 
can  be  accomplished  either  by  extending  the  range  of 
volatility  acceptable  for  fuels  or  by  the  employment  of 
methods  that  increase  the  quantity  of  volatile  products 
obtainable  from  the  crude.  The  latter  possibility  is  that 
which  the  use  of  the  cracking  process  covers.  The  de- 
velopment of  these  processes  is  today  the  most  important 
field  of  experimentation  in  the  industry  and  considerable 
progress  has  already  been  made.  The  Burton  process, 
owned  and  controlled  by  the  Standard  Oil  Company  of 
Indiana,  and  operated  by  various  of  the  companies  of  the 
Standard  group,  has  been  developed  to  a  high  degree  of 
efficiency  and  is  regularly  converting  large  quantities 
of  heavy  petroleum  distillates  into  satisfactory  fuel. 

The  Hall  process,  which  is  said  to  be  operated  on  a 
large  scale  in  England  and  to  some  degree  in  the  United 
States,  is  also  apparently  in  the  stage  of  successful  com- 
mercial operation.  The  Rittman  process,  with  which  the 
Bureau  of  Mines  has  been  largely  concerned,  seems  now 
to  be  thoroughly  developed  for  the  large  scale  production 
of  gasoline  and  should  soon  be  a  commercial  factor  in  the 
market.  Other  processes  now  operating  are  the  Green- 
street  and  the  Cosden. 

At  present  it  appears  that  the  Burton  process  and 
others  of  the  pressure  distillation  t3rpe  can  operate  suc- 
cessfully using  as  raw  material  fairly  heavy  petroleum 
distillates,  such  as  the  fuel  and  gas  oil  types.  The  Bur- 
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ton  process  cracks  a  limited  amount  of  kerosene  also 
but  it  is  not  adapted  in  its  present  stage  of  mechanical 
development  to  the  treatment  of  oils  of  this  type.  The 
Rittman  and  Hall  processes  are  said  to  operate  equally 
well  with  kerosene  and  the  heavier  distillates.  The  Green- 
street  process  seems  to  operate  entirely  with  kerosene 
distillate.  It  is  not  known  that  any  pressure  cracking 
process  is  successfully  utilizing  oils  of  the  residuum  type 
in  large-scale  apparatus.  These  crack  readily  enough 
but  the  mechanical  difficulties  incident  to  the  deposition 
of  large  quantities  of  carbon  have  so  far  interfered  with 
commercial  success. 

ProfitaJble  Cracking  Difficrdt 

The  general  consensus  of  opinion  of  those  qualified  to 
judge  is  that  the  production  of  volatile  hydrocarbons, 
satisfactory  for  use  as  fuel,  can  be  brought  about  by 
many  modifications  of  the  principle  of  applying  heat 
and  pressure  but  that  the  cracking  process  in  general 
cannot  be  made  a  commercial  success  unless  handled  with 
a  high  degree  of  scientific  and  technical  skill  and  under 
carefully  regulated  economic  conditions.  In  other  words, 
although  oil  is  easy  to  crack  it  is  not  easy  to  crack  profit- 
ably. The  oil  cracking  art  is  in  many  ways  like  the  poul- 
try business.  Any  amateur  can  convert  grain  and  meat 
scraps  into  chickens  and  eggs  but  it  takes  more  than  in- 
terest and  ambition  to  accompany  this  process  by  the  ac- 
cumulation of  financial  profit.  Likewise,  it  is  tolerably 
easy  to  make  gasoline  out  of  heavy  oil  but  a  totally  differ- 
ent matter  to  keep  the  cost  of  the  finished  product  satis- 
factorily below  its  market  price. 

It  appears  therefore  that  although  the  cracking  proc- 
ess offers  great  possibilities  of  increase  in  the  supply  of 
fuel,  this  increase  is  bound  to  be  a  gradual  development 
and  in  no  way  revolutionary.  If  cracking  processes  were 
used  to  the  full  extent  of  their  applicability  the  total 
production  of  gasoline  from  the  quantity  of  crude  oil 
^ow  produced  might  be  doubled.  This  increase  cannot, 
K§^0ver,  be  expected  on  the  basis  of  reasonable  possi- 
Wii^te'^Iess  than  ten  years. 

^^^P&i  Ittf^aif^  discussion  of  cracking  processes  would 
i(^}i^e%f(^r^'<#iii^%han  automotive  engineers  would  wish 
to  devote  even  to  this  vital  subject  and  for  the  present 
ta§  smiWf»n"^iHJ%e^#4nimarized  by  stating  that  this 
-i9MI}^WI$n0^^^|^  I^M^'^Apply  seems  just  at  pres- 
«WPtoi1[^cSH§M^i^T^\ii^8'^ft¥qp^ortan^  than  any  or  all  of 
t1i^§«bt>)'!V<I«i^  iii|tett«y  (MK^itesed. 
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Use  of  Heavier  Petroleum  DtsUUates 

The  possibilities  of  increasing  our  future  supply  of 
fuel  have  already  been  discussed  from  the  points  of  vieWs 
of  several  industrial  divisions.  It  has  been  shovTn  that 
the  men  in  the  producing  end  of  the  oil  industry  may  help 
solve  the  problem  by  making  available  new  supplies  of 
crude  petroleum.  Scientists  have  the  problem  of  making 
available  the  supply  obtainable  from  oil  shales. 

The  coal  distillation  and  the  fermentation  industries 
may  in  the  future  supply  greater  or  less  quantities,  and 
the  refiners  by  improvement  in  their  present  methods 
and  the  development  of  cracking  processes  can  contribute 
enormously  to  the  country's  production.  There  remains 
for  discussion  the  part  that  designers  and  builders  of  in- 
ternal-combustion engines  have  to  play  in  increasing  the 
potential  supplies. 

Increase  in  Engine  Efficiency 

It  may  seem  presumptuous  for  a  rank  outsider  in  the 
gasoline  engine  business  to  suggest  that  one  of  the  most 
important  lines  of  activity  for  automotive  engineers  is 
to  increase  the  potential  efficiency  of  the  engines  they 
turn  out.  It  actually  seems,  however,  that  there  are  tre- 
mendous possibilities  in  this  line,  not  necessarily  through 
increases  in  mechanical  efficiency,  but  by  educating  the 
public  to  demand  and  use  automobiles  that  are  essentially 
economical  in  consumption  of  fuel.  There  are  now  oh  the 
market  types  of  cars  that  on  average  roads  and  grades 
can  travel  about  20  miles  on  a  gallon  of  gasoline.  Most 
of  these  cars  are  of  low  and  moderate  price  and  it  ap- 
pears that  the  majority  of  Higher  priced  cars  get  notably 
less  mileage,  this  in  some  cases  being  as  low  as  6  or  8 
miles  per  gallon. 

Such  a  condition  should  not  continue,  because  if  fuel,  at 
any  price,  is  not  going  to  be  available,  the  automobile 
business  is  bound  to  suffer.  For  this  reason  it  seems  that 
designers  and  manufacturers  ought  to  take  this  mat- 
ter in  their  own  hands,  regardless  of  the  present  de- 
mands of  buyers,  and  work  out  a  reasonable  standard 
of  performance  for  all  cars.  For  instance,  cars  might  be 
built  with  the  basic  assumption  that  a  two  or  three-pas- 
senger car  must  travel  22  miles  on  a  gallon  of  gasoline, 
a  five-passenger  car  18  miles  and  a  seven-passenger  car 
16  miles.  Some  such  standard  of  efficiency  as  this  should 
be  regarded  as  ironclad  and  all  automobile  design  based 
upon  it.  Such  considerations  as  speed  and  hill-climbing 
power  should  not  be  allowed  to  interfere  with  this  mat- 
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ter  of  efficiency  and  the  users  will  soon  get  over  the  idea 
that  it  is  necessary  to  have  80-hp.  engines  in  their  cars 
when  30  hp.  is  sufficient  to  carry  them  at  adequate  speed 
anywhere  they  want  to  go. 

Perhaps  no  phase  of  the  fuel  situation  has  so  inter- 
ested automotive  engineers  as  the  use  of  kerosene  in 
place  of  gasoline.  Present  market  conditions  are  such 
that  kerosene  is  one  of  the  cheaper  petroleum  products, 
and  as  it  has  already  been  demonstrated  to  work  satis- 
factorily in  internal-combustion  engines  under  certain 
conditions,  there  has  been  a  great  desire  to  render  it 
available  for  general  use  in  automobiles.  The  Bureau  of 
Mines  has  had  called  to  its  attention  many  devices  for 
the  utilization  of  kerosene  but  believes  that  mechanical 
development  in  this  particular  line  is  a  mistake.  The 
logical  and  reasonable  way  to  utilize  kerosene  is  not  as 
such  but  as  a  mixture  with  the  gasoline  produced  with  it 
in  the  refining  of  crude  oil.  In  other  words,  attention 
should  not  be  given  to  the  utilization  of  kerosene  but  to 
the  utilization  of  petroleum  distillates  containing  both 
the  gasoline  and  kerosene  fractions  of  crude  oil. 

In  terms  of  the  testing  laboratory  this  means  fuel  of 
high  endpoint  and  correspondingly  lowered  average  vol- 
atility. Such  fuels  could  be  produced  by  the  refiners  with 
slight  modification  of  their  present  methods  and  equip- 
ment, and  their  price  should  be  somewhat  less  than  the 
average  price  of  gasoline  and  kerosene  now  marketed 
separately.  The  gain  would  be  the  simplification  result- 
ing from  the  production  and  handling  of  one  instead  of 
two  products.  The  Bureau  is  not  attempting  to  tell  just 
how  the  problem  of  designing  engines  that  can  handle 
fuel  of  from  550  to  600  deg.  fahr.  endpoint  can  be  solved, 
but  accomplishment  of  such  an  end  ought  not  to  be  beyond 
the  skill  and  ingenuity  of  engine  designers,  especially  as 
they  have  .already  seriously  undertaken  the  infinitely 
more  difikult  task  of  using  straight  kerosene. 

The  utilizing  in  automobile  engines  of  a  type  of  fuel 
that  contains  the  combined  gasoline  and  kerosene  frac- 
tions of  crude  petroleum  would  certainly  double  the  avail- 
able supply,  and  even  if  all  the  other  agencies  working  to 
this  end  failed,  the  automotive  engineers  themselves 
could  postpone  for  a  long  time  the  fateful  day  when 
their  industry  will  be  handicapped  by  not  having  ma- 
terial available  to  feed  engines  after  these  have  been 
produced. 
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Author's  Conclusion 

The  present  paper  has  developed  along  rather  hetero- 
geneous lines  but  can  be  summarized  simply.  The 
present  fuel  situation,  in  spite  of  the  fact  that  gasoline  is 
high  in  price  and  relatively  low  in  volatility,  is  good..  This 
will  be  appreciated  more  fully  if  war  conditions  add  one 
more  inconvenience  to  the  already  lengthy  list  that  the 
country  is  experiencing.  The  newer  types  of  gasolines 
are  not;  inherently  worse  than  the  old;  the  price  is  not 
out  of  proportion  to  the  price  of  crude  petroleum,  and 
the  supply  is  abundant  and  well  distributed. 

In  the  future  it  appears  that  oil  producers  must  secure 
more  crude  petroleum  and  refiners  must  get  greater  yields 
of  volatile  products  from  the  oil  treated.  Designers  must 
work  toward  higher  standards  of  fuel  economy  and  must 
strive  to  develop  engines  that  will  handle  fuels  of  lower 
average  volatility  than  the  present  type.  A  certain  in- 
crease in  supply  of  fuel  may  be  counted  on  from  the  coal 
distillation  industry  and  eventually  the  supply  may  be  de- 
rived either  from  oil  shale  or  from  fermentation  indus- 
tries. 

In  closing  it  is  desired  to  remind  the  members  of  the 
Society  of  Automotive  Engineers  that  the  present  paper 
makes  no  pretense  to  being  a  last  word  on  the  important 
subject  with  which  it  deals.  The  various  phases  of  the 
fuel  situation  could  be  discussed  at  almost  infinite  length 
and  it  is  realized  that  even  the  few  problems  mentioned  in 
this  paper  have  not  been  given  the  detailed  consideration 
they  deserve.  It  is  hoped,  however,  that  the  attention  of 
the  engineers  of  the  Society  may  have  been  called  to  some 
problems  that  they  can  profitably  study. 


Digitized  by  VjOOQIC 


HEAT-FLOW  THROUGH  CYLINDER  WALLS 
By  Louis  Illmer* 

Modern  requirements  have  already  forced  the  rotative 
speed  of  high-duty  gas  and  oil  engines  to  a  point  where 
the  difficulty  of  heat-flow  control,  especially  with  cast 
iron  cylinders,  tends  to  arrest  further  progress  in  this 
direction. 

In  view  of  this  inherent  limitation  the  art  of  high-speed 
engine  design  can  best  be  advanced,  not  by  continued  . 
experimental  exploration,  but  rather  by  first  establishing 
the  basic  principles  underlying  heat-flow  effects. 

The  purpose  of  the  present  paper  is  to  demonstrate 
that  every  internal-combustion  engine  of  given  size  and 
type  has  a  safe  speed  limit  and  that  this  can  be  prede- 
termined upon  a  rational  heat-flow  basis.  This  paper 
provides  an  explicit  method  of  procedure,  by  means  of 
which  the  design  characteristics  of  a  normal  gas  or  oil 
engine  can  be  critically  analyzed  for  heat-flow  effects. 

In  addition,  the  matter  of  relative  heat-flow  in  two 
versus  four-stroke  cycle  engines,  which  has  been  the 
subject  of  much  controversy,  is  investigated  and  certain 
conclusions  are  drawn  as  to  the  merits  of  each  type. 

Introduction 

The  fixing  of  a  suitable  margin  of  safety  for  a  sdeam- 
engine  cylinder  is  a  comparatively  simple  matter  when 
the  working  pressure  and  strength  of  material  are  known. 
In  the  case  of  gas-engine  cylinders,  on  the  other  hand,  the 
stress  relations  become  more  involved  because  of  the  ad- 
ditional temperature  stresses  set  up  by  heat-flow  through 
the  cylinder  walls.  The  faster  the  engine  speed,  the 
greater  wiU  be  the  temperature  stress  produced. 

This  paper  undertakes  to  analyze  the  combined  pres- 
sure and  temperature  stresses  in  gas-engine  cylinder 
walls  and  to  prescribe  the  limiting  stresses  and  extreme 
engine  speeds  that  will  insure  satisfactory  operation. 
The  method  pursued  is  that  of  fixing  the  maximum  allow- 
able rate  of  heat-flow  into  the  jacketed  walls  of  any 
given  cylinder  from  jacket-loss  determinations. 

The  two  principal  factors  that  impose  restriction  upon 
rotative  speeds  are  excess  heat-flow  and  undue  inertia 
pressures.    The  thermal  aspects  of  such  limitations  will 

*Ga8  and  oll-engrlne  expert,  Milford,  Conn. 
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be  considered  only,  since  the  inertia  effects  can  usually 
be  kept  within  bounds  by  suitable  construction. 

A  considerable  number  of  the  available  jacket-loss  tests 
have  been  analyzed  for  heat-flow  data,  but  few  if  any  in- 
vestifirators  report  aU  their  data  in  the  detailed  form 
desired  for  present  purposes.  None  of  such  tests  wa.s 
conducted  throughout  a  sufficiently  wide  range  of  condi- 
tions to  define  fully  the  controlling  factors  of  heat-fiow. 
It  was  necessary  therefore  to  pick  out  portions  of  data 
furnished  by  different  experimenters  and  to  work  for  a 
composite  result.  The  conclusions  thus  drawn  are 
thought  to  be  sufficiently  accurate  to  fix  the  speed  limita- 
tions imposed  by  excess  heat-fiow,  and  to  indicate  means 
by  which  its  destructive  effect  can  be  minimized. 

Furthermore,  this  analysis  of  jacket-loss  tests  has  been 
supplemented  by  a  study  into  the  speed  limits  of  engines 
as  used  for  various  kinds  of  commercial  service.  By 
collecting  a  sufficiently  large  amount  of  such  data,  a  fairly 
satisfactory  value  was  determined  for  the  limiting  rota- 
tive and  piston  speed  for  each  particular  kind  of  engine. 
Finally,  by  combining  these  separate  constants  on  the 
basis  of  the  heat-fiow  laws  deduced  from  jacket-loss  tests, 
it  was  possible  to  arrive  at  a  basic  formula  for  speed 
limits,  applicable  to  small  high-speed  engines  as  well 
as  to  large  slow-speed  engines  of  maximum  output. 

Synopsis  of  Heat-Flow  Formulas 

For  the  sake  of  a  clearer  presentation,  certain  conclu- 
sions will  be  briefly  reviewed  before  citing  the  data  upon 
which  the  given  heat-flow  rate  has  been  based. 

As  found  by  the  methods  described,  three  principal 
factors  control  heat-flow  through  the  jacketed  cylinder- 
waUs  of  internal- combustion  engines,  and  these  can  be 
expressed  thus: 

/MEP\^        N 

H==Cf  I I     F% 

V    ^  /      log,^  (1) 

where  H  =  uniformly  distributed  full-load  heat-flow 
through  the  jacketed  cylinder-wall  as 
measured  in  B.t.u.  per  hour  per  sq.  in.  ef- 
fective cooling  surface  Ae. 
Cf  =  constant  depending  upon  the  cycle  of  the 
engine. 
MEP  =  mean  effective  pressure,  lb.  per  sq.  in. 

E  =  thermal  efficiency  as  indicated  in  the  power 

cylinder. 
N  =  engine  speed,  r.  p.  m. 
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l^OxJ^  =  common  logarithm  of  N. 

F  =  surface  factor,  that  is,  effective  volume  y« 

in  cu.  in.,  divided  by  the  effective  surface 

Ae  in  sq.  in.,  as  measured  with  the  piston 

standing   at  one-fourth   stroke  from   its 

inner  dead-center  position. 

As  given,   (1)   is  intended  to  apply  only  to. engines 

operating  at  or  near  rated  capacity.   It  will  be  seen  that 

heat-flow  is  largely  dependent  upon  the  factor  MEP/Ey 

which  in  turn  is  determined  by  the  heat-input  per  cubic 

foot  of  piston  displacement,  thus : 

Heat  mput/cu.  ft  displ.  =  -ipf^      =  0.185  —^  (2) 

The  heat-input  measures  the  temperature  rise  occur- 
ring in  the  working  charge  during  the  explosion  period. 
Furthermore,  the  ratio  MEP/E  can,  without  serious 
error,  be  used  to  approximate  the  average  temperature 
of  expansion ;  for  explosive  engines  its  value  usually  lies 
between  8  and  10,  and  averages  about  9MEP/E. 

The  first  *f actor  of  (1)  can  be  considered  as  the  tem- 
perature factor  of  heat-flow.  The  value  of  the  exponent  * 
of  the  factor  (MEP/E)^  is  found  to  lie  between  5/4  and 
3/2,  with  the  given  value  of  4/3  as  a  fair  average  for 
full-load  conditions. 

Thus,  the  rate  at  which  heat  flows  from  the  hot  work- 
ing charge  into  the  surrounding  cylinder  wall  is  found  to 
be  dependent  in  part  upon  the  average  temperature  head 
maintained  during  the  expansion  stroke  as  measured  with 
respect  to  the  absorbing  jacketed  wall,  and  partly,  in  my 
opinion,  upon  the  greater  thermal  conductivity  of  the 
working  charge  at  high  temperature.* 

The  absorption  of  heat  during  the  suction  and  com- 
pression strokes  of  a  four-stroke  cycle  engine  can  be 
taken  as  negligible.  The  comparatively  small  jacket  loss 
occurring  during  the  exhaust  stroke  is  most  conveniently 
taken  in  terms  of  the  heat  loss  of  the  expansion  period. 

The  second  factor  NAog^J^  of  (1)  is  a  time  factor. 
The  time  of  action  for  a  single  explosion  is  measured  in 


•According  to  O.  B.  Meyer's  •'KJnetlsche  Theorle  der  Gase,"  the 
thermal  conductivity  of  a  gras  at  high  temperature  can  be  expected 
to  Increase  in  the  same  ratio  as  does  the  prodi:ict  of  coefficient  of 
internal  friction  (viscosity)  and  Its  specific  heat.  Assuming  the 
latter  to  remain  constant,  the  thermal  conductivity  of  air.  for  in- 
stance, as  based  upon  Barus'  viscosity  experiments,  is  found  to  be 
about  4/3  larger  at  3000  than  at  2000  deg.  fahr. ;  hence,  within 
the  usual  range  of  expansion  temperatures,  the  conductivity  of  air 
changes  a^roximately  as  the  two-thirds  power  of  the  temperature 
increase.  While  the  corresponding  conductivity  factor,  as  fixed  for 
internal-combustion  engines  by  (1),  increases  at  a  somewhat  slower 
rate,  this  difference  is  no  doubt  chargeable  to  the  altered  character 
of  the  working  charge  and  the  approximate  method  used  for  esti- 
mating temperatures. 


Digitized  by  VjOOQIC 


HEAT-FLOW  THROUGH  CYLINDER  WALLS  165 

terms  of  1/N  minutes,  but  its  relative  effect  in  driving 
heat  into  the  cylinder  jacket  is  found  to  be  proportional 
to  l/logiST. 

The  speed  of  10  r.p.m.  has  been  selected  as  a  conven- 
ient unit  of  time  reference.  ^  Thus,  at  1000  r.p.m.  th'e 
relative  heat-absorbing  capacity  per  cycle  of  a  given  cool- 
ing surface  is  about  one-third  that  at  10  r.p.m.  The 
cyclic  heat-absorbing  capacity  multiplied  by  the  number 
of  temperature  applications  N  provides  a  measure  for 
the  total  heat-flow  into  the  cylinder  wftll,  in  so  far  as 
speed  effects  are  concerned. 

The  last  factor  F  of  (1)  is  the  surface  factor.  When 
a  smaU  surface  surrounds  a  large  volume,  the  rate  at 
which  heat  will  be  given  off  to  a  unit  surface  must  neces- 
sarily be  more  intense  than  from  a  small  volume  enclosed 
by  a  relatively  large  surface. 

The  variation  in  jacket  loss  that  occurs  with  change  in 
the  surface  condition  can  be  taken  care  of  by  the  surface 
factor  F,  as  indicated  in  (1).  The  numerical  value  of 
F  is  dependent  upon  the  shape  and  dimensions  of  the 
combustion  chamber,  and  for  similarly  built  engines  it 
increases  directly  with  the  cylinder-bore  dimension. 

In  determining  the  cubic  content  per  unit  of  surface, 
not  only  must  the  enclosing  head  and  piston  surface  be 
taken  into  account,  but,  to  arrive  at  a  correct  value  for 
the  total  effective  cooling  surface  of  the  cylinder  parts, 
a  certain  portion  of  the  bore  surface  should  also  be  in- 
cluded. Since  all  parts  of  the  bore  surface  do  not  absorb 
heat  from  the  working  charge  at  the  same  rate  per  unit 
of  exposed  surface,  the  total  cooling  effect  of  the  bore 
wall  can  conveniently  be  expressed  in  terms  of  an  equiv- 
alent surface  having  the  same  rate  of  heat  flow  as  the 
initial  clearance  surface. 

Further  experimental  evidence  is  required  to  determine 
such  a  bore  allowance  accurately,  but  from  an  analysis  of 
the  available  data,  it  appears  that  about  one-fourth  of 
the  cylinder-bore  surface  can  be  taken  as  a  fair  allow- 
ance for  this  added  cooling  effect.  Accordingly,  the  sur- 
face factor  F  is  to  be  measured  by  dividing  the  clearance 
volume  plus  one-fourth  the  piston  displacement  by  the 
sum  of  the  initial  clearance  surface  and  one-fourth  of 
the  bore  surface,  that  is,  Ve/Ae. 

Order  of  Treatment 

The  further  discussion  of  this  subject  will  be  treated 
under  the  following  headings : 

(A)  Jacket-loss    test    data    from    which    (1)    was    de- 
duced. 
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(B)  Temperature  stresses  set  up  in  cylinder  walls  by 
heat-flow. 

(c)  Pressure  stresses  produced  within  cylinder  walls  by 
the  explosive  pressure. 

(D)  Bore  temperature  formulas  as  based  upon  the  tem- 
perature head  required  to  drive  a  stipulated  heat- 
flow  through  the  cylinder  wall  and  into  the  sur- 
rounding jacket-water. 

(e)  Rotative-speed  limits  as  determined  from  engines  in 
commercial  service. 

(F)  Bore-temperature  limits  as  deduced  from  engines  in 
commercial  operation. 

(g)  Formulas  for  the  minimum  cylinder  thicknesses  ap- 
plicable to  high-speed  engines. 

(h)  Allowable  heat-flow  constants  as  based  upon  the 
prescribed  bore-temperature  limits. 

(I)    Formulas  for  the  surface  factor  F, 

(j)  Limiting  speed  formulas  for  low-compression  gas 
and  oil  engines  as  deduced  for  the  prescribed 
bore-temperature  limits. 

(k)  Two  versus  four-stroke  cycle  engines  as  viewed 
from  the  standpoint  of  heat-flow  effects. 

(L)  Formulas  for  jacket-loss  as  measured  in  terms  of 
heat  input. 

(m)  Constancy  of  indicated  efikiency  with  increasing 
jacket-loss. 

(N)  Importance  of  small  surface  factors  and  the  advan- 
tages accruing  from  adequate  cooling  surfaces, 
especially  for  large  engines. 

(o)  Recapitulation  or  conclusion. 

Analysis  of  Jacket  Loss  Test  Data 

The  jacket-loss  tests  made  in  an  experiipental  research 
study  by  Gibson  and  Walkerf  provide  the  most  suitable 
data  with  which  to  determine  the  first  two  factors  of  (1) . 
These  tests  apply  to  a  National  11  by  19-in.  single-acting 
four-stroke  cycle  gas  engine,  arranged  to  alter  the  com- 
pression ratio  between  the  limits  5.17,  5.70  and  6.62.  The 
engine  speed  was  also  varied  from  150  to  250  r.p.m. 

The  constructive  features  of  this  engine  proved  to  be 
well  adapted  for  consistent  jacket-loss  determinations. 
The  cylinder  head  is  cast  integral  with  the  cylinder 
proper,  but  the  jacket  space  is  divided  into  two  compart- 
ments, one  of  which  surrounds  the  exhaust  passage.  By 
this  means  it  was  possible  to  separate  the  exhaust  loss 

tinit  of  Maohan.  Bngra.,  May.  1915.  Distribution  of  Heat  In 
the  CyUnder  of  a  Oas-Bnffine 
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and  to  compute  the  jacket  loss  during  the  expansion 
stroke  up  to  the  point  of  release. 

As  the  cited  reference  does  not  record  all  the  desired 
data  in  a  form  best  suited  to  present  purposes,  it  has 
been  necessary  to  interpolate  a  portion  of  the  data,  giving 
the  results  shown  in  Table  I.  The  heat  input  has  been 
estimated  on  the  basis  of  (2),  and  when  multiplied  by 
the  given  jacket-loss  percentage  measures  the  gross  heat- 
flow  through  the  cylinder  walls. 

Although  three  sets  of  tests  were  made  at  the  specified 
expansion  ratios,  the  range  of  these  experiments  proved 
too  close  to  bring  out  definitely  the  effect  upon  heat-flow 
of  change  in  the  expansion  ratio  R.  Hence  Table  I  anal- 
yzes only  one  of  these  tests,  namely,  that  for  R  =  5.7. 
The  agreement  between  the  given  empirical  relations  and 
the  experimental  data  are  thought  to  be  sufficiently  close 
to  establish  the  first  two  factors  of  (1). 

Surface  Factors 

Owing  to  the  limited  test  data,  it  has  been  more  dif- 
ficult to  arrive  at  an  entirely  satisfactory  mode  of  treat- 
ment for  surface  effect. 

Granting  the  correctness  of  the  first  two  factors  of  (1), 

Table  I — Analysis  of  Jacket- Loss  Tkst  Data 
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0.000828 

23.5 
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1:11 

1   57,8 

35.4 

1   163 

20.7 
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0.137 

*J»cket  loes  in  terms  of  heat-input  as  measurerl  to  the  enrl  of  expansion  stroke 
equals  about  80  per  oent  of  total  jacket  loss. 
Effective  cooling  surface  /!« -about  400  sq.  in. 
Surface  factor  F=about  2.00. 

an  allowance  for  surface  effect  can  be  determined  by 
analyzing  a  series  of  jacket-loss  tests  as  made  upon  sim- 
ilar engines  of  widely  different  dimensions.  The  most 
suitable  data  that  the  author  has  been  able  to  find  for 
this  purpose  apply  to  some  old-style,  low-compression 
four-stroke  cycle  Deutz  gas-engines.* 

•Brauer,  Z.  d.  V.  D.  Ing.,  1887     - 
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The  results,  set  forth  in  Table  II,  show  that  the  heat- 
flow  per  unit  of  effective  cooling  surface  does  increase  to 
a  marked  degree  with  increased  cylinder  dimensions.  On 
the  basis  of  this  and  other  data,  the  exponent  n  of  the 
factor  F^  has  been  placed  at  2/8,  as  given  in  (1)  and 
plotted  in  Fig.  1. 
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VALUES  OF  SURFACE  FACTOR  F. 
Fia.  1 — CuRVB  Showing  Surface  Efpbct 

Equivalent  Surface  Allowance  for  Cylinder  Bore 

The  equivalent  surface  allowance  that  should  be  added 
to  the  clearance  surface  in  order  to  allow  for  the  cool- 
ing effect  contributed  by  the  cylinder  bore  can  be  found 
by  working  with  an  engine  having  provision  for  an  ex- 
tended change  in  the  ratio  of  expansion.  The  most  ser- 
viceable test  for  this  purpose  appears  to  be  that  made  by 
Prof.  F.  W.  Burstall.t  This  was  made  upon  a  16  by  24- 
in.  single-acting  horizontal  four-stroke  cycle  Premier 
gas-engine  running  at  170  r.p.m.,  with  provision  to 
change  the  ratio  of  expansions  from  4.27'  to  8.07.  Fur- 
thermore, the  exposed  clearance  surfaces  are  fully  spe- 
cified. 

This  engine  was  provided  with  a  separate  flat,  cylinder 
head  bolted  to  a  massive  internal-jacket  flange,  thus 
forming  the  combustion  chamber  in  an  extended  portion 
of  the  cylinder  bore.  The  jacket  losses  appertaining  to 
the  head  and  the  cylinder  jacket,  as  well  as  to  the  water- 
cooled  piston  and  valves,  are  reported  separately. 

In  this  test  the  head  jacket  shows  a  disproportionate 
percentage  of  jacket  loss  when  measured  in  relation  to 
its  cooling  surface,  but  this  is  probably  due  to  the  mas- 
sive  cylinder   flange   and   the  considerable   conductive 


tThird    Gas-P^ngine    Research    Committee   Report.    Proc.    Inst,    of 
Mech.  Kngra.,  Jan.,  1908 
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power  of  the  cylinder-head  studs.  To  use  this  test  to 
advantage,  it  has  been  deemed  advisable  to  work  with 
average  values  of  the  given  total  jacket  losses  and  to 
group  the  tests  as  indicated  in  Table  III. 


Tablb  II — ^Analysis  for  Surface  Effect 


lUbted  B.Hp.  per  Cyl. 


12 


16      I      25 


Bore,  in 

Stroke,  in 

Rev.  per  min.,  iV^ . . 
Jacket    lofls,    /,    per 

cent 

Af.£.P.,lb./8q.in.... 
Ind.  e£F.,  B^  per  cent . 

MBP/B 

Surface      factor      F, 

about 

Heat-flow  H ,  about. 


6.1 
12.2 
182 

52.0 

42.3 

18.2 

232 

1.11 
94 


6.75 
10.2 
178 

54.0 
42.2 
18.4 


1.06 
94.5 


Ck^netantC/ 10.00084  0.00088 


OOOOOjO.  00090 


6.76 
13.4 
160 

49.5 

45.0 

20.3 

222 

1.22 

84 


9.1 

16.7 

159 

47.6 

44.5 

19.9 

228 

1.60 
107 


10.6 

17.7 

140 

39.4 

44.6 

20.7 

215 

1.85 
85 


11.4 

20.4 

141 

40.8 

49.4 

22.4 

220 

2.0 
101 


13.0 

26.0 

139 

43.0 

50.0 

23.7 

211 

2,37 
118 


0.00094  0.00116  0.00110  0.00126  0.00157 
0. 00083|0. 00085|o.  00073  0. 00079*0. 00090 


The  equivalent  bore  surface  allowance  can  be  found  on 
the  assumption  that  the  heat-flow  constant  Cf  applying  to 
the  respective  cooling  surfaces  Ae  must  be  about  the 
same  for  each  one  of  the  different  expansion  ratios  used. 
As  shown  in  Table  III,  this  condition  is  best  satisfied 
when  the  equivalent  bore-surface  allowance  is  taken  as 
constant,  namely,  at  nDL/4,  the  bore  and  stroke  being 
D  and  L,  respectively. 

An  estimate  of  this  bore-surface  allowance  can  also 
be  made  by  using  equal  crank  angles  as  a  measure  of 
time,  and  then  integrating  the  product  of  the  respective 
time,  temperature  and  surface  factors  corresponding  to 
each  such  crank  position.  The  resulting  value  for  the 
equivalent  bore  allowance  is  somewhat  larger  than  that 
determined  upon  the  experimental  basis. 

While  the  available  experimental  data  are  not  suf- 
ficiently complete  to  furnish  conclusive  evidence -as  to 
the  exact  laws  for  the  surface  influence,  the  described 
procedure  does  allow  of  drawing  some  important  conclu- 
sions as  to  the  manner  in  which  heat-flow  can  be  ex- 
pected to  affect  speed  limitation.  It  will  now  be  shown 
that  the  formulas  deduced  give  reasonably  consistent  re- 
sults when  applied  to  engine  jacket-loss  tests  covering  a 
wide  range  of  conditions. 
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Engine  Jacket-Loss  Analyses 

A  set  of  variable  speed  tests  showing  the  application 
of  the  principles  deduced  was  conducted  by  Prof.  W.  T. 
Fishleigh  and  W.  E.  Lay*  upon  a  4%  by  5^-in.  four- 
stroke  cycle  six-cylinder  L-head  automobile  engine.  The 
check  results  are  presented  in  Table  IV. 

Table  IV — Automobile  E.voine  Jacket  Test — f'=ABOUT  0.6 


Per  Cent 
Jacket  Lobs 


1     Lb./ 

Ind. 

MEP 

1    Heat 

A' 
R.p.m. 

Eff. 
(£). 

1     Flow 
H 

,    Constant  Cj 

E 

i  Sq.  In. 

(^nt 

To 

To 

Water 

Fan 

&40 

41 

19.3 

212 

40 

20 

260 

0.0009] 

640 

1       67 

22.1 

303 

40 

19 

390 

0.0012 

1000 

I       42 

18.6 

227 

31 

18 

1      372 

0.0008 

0.00095 

1000 

1       68 

19.6 

346 

28 

15 

.502 

,0.0009 

1350 

44 

19.6 

224 

29 

25 

'      557 

0.0010 

1350 

70 

19.9 

351  • 

24 

18 

687 

0.0009 

Applying  these  check  principles  to  large  gas  engines, 
Gueldnerf  cites  a  number  of  tests  that  confirm  the  gen- 
eral deductions  embodied  in  (1).  •  Tests  taken  from  this 
source  are  analyzed  in  Table  V. 

Table  V — Large  Gab-Enqine  Jacket-Tests — S.  A.  Four-Strokb 


Westinqhoube 


13x14 


25x30 


I 


DeuU 
15x22 H 


CroBsley 
llHx21 


R.D.m.,  iV 258  150 

Ar«P,  lb. /Bq.  in 83  75 

Ind.  e£F.  E,  per  cent 25. 5  27.4 

MEP/E 325  274 

Jacket  lom,  /,  per  cent 32. 1  33. 3 

Heat-flow,  ff 425  255            I 

Surface  factor,  F 2.4  2.9 

Conatant  CF 0. 00099       0.00102' 


205 
67.2 
29.5 
240 

35.5 
211 
2.0 
0.0012 


180 

102 

34. 

296 


190 
1.7 
0.00085 


A  further  test,  as  made  by  Professor  Hopkinson:|:  upon 
a  llVi  by  21-in.  single-acting  four-stroke  cycle  Crossley 
gas  engine,  running  at  180  r.p.m.,  is  also  analyzed  in 
Table  V.  This  test  is  of  special  interest  because  the 
heat-flow  into  the  non-cooled  piston  head  was  experiment- 
ally determined  by  means  of  its  temperature  gradient. 


•Heat  Balance  Tests  of  Automobile  Engines,   Part  I.  Vol.  10,  S.  A. 

E.  Transactions 

tintemal  Combustion  Engines.     Trans,  by  Prof.  H.  Diedericha 
iProG.  Inst  of  Civil  ISngrs.,  February,  1909,  on  Heat  Flow  and 

Temperature  Distribution  in  the  Gas-En^ne 
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The  estimated  heat-flow  H  into  the  cylinder  walls  of  this 
engine,  as  given  in  Table  V,  is  found  to  be  about  4/3 
larger  than  the  determined  rate  of  heat-flow  into  the 
piston  head.  About  one-half  of  such  retardation  in  heat- 
flow  can  be  ascribed  to  the  higher  counter-temperature  of 
the  piston  face,  and  the  other  half  is  probably  due  to  the 
relatively  weaker  explosive  mixture  lying  adjacent  to  the 
piston  face.  This  restricted  heat-flow  has  been  allowed 
for  in  working  out  the  accompanying  tables  by  taking 
the  equivalent  effective  piston  area  for  single-acting  non- 
cooled  pistons  at  three-fourth  actual  area. 

For  the  sake  of  comparison,  similar  checks  have  been 
made  for  heat-flow  through,  the  cylinder  walls  of  single- 
acting  four-stroke  cycle  Diesel  oil  engines.  The  data 
shown  in  Table  VI  have  been  taken  from  various 
sources.**    It  appears  that,   notwithstanding  the  con- 


Tabub  VI — ^Analtbib  or  Dibbbl  Engine  Jackbt-IjObb  Tsbtb 


Make  of  Engine 
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Dieael 


AujjB- 
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JV,  r.p.m 

.Jf  JSrP.  lb./»q.  in 
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MEP/E 
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Heat-flow,  H 
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192 
87.6 
33.9 

259 


9Hxl5H 

154 
105 
34.2 
307 


205 
1.4 
0.0012 


221 
1.3 
0.00126 


6HxlOH 

256 
103 
40.6 
254 

21 
194 
0.9 
0.0012 


I 


22x29 M 

153 

99 

41 
242 

21.5 
215 
2.6 
0.0011 


26s29H 

160 

95 

39.3 
242 

22.1 
211 
2.9 
0.0010 


16x24 

167 

81 

30.4 
266 

26.2 
214 
1.8 
0.0011 


trolled  combustion,  the  heat-flow  through  Diesel  engine 
cylinder-walls  can  be  treated  in  substantially  the  same 
manner  as  for  explosive  engines. 

Summary  of  Jacket  Test  Constants 

A  considerable  variation  in  the  value  of  the  constant 
Cf  is  to  be  expected  from  experimental  data  taken  hap- 
hazard and  without  sufficient  detailed  information  to 
allow  of  an  accurate  evaluation  of  the  surface  factor  F. 
The  given  formulas  are  sufficiently  comprehensive,  how- 
ever, to  cover  a  wide  range  of  engine  sizes,  as  is  shown 
by  the  following  summary : 


••CataloiTue  of  the  American  Diesel  Engine  Co.,  InBt  Naval 
Architects.  1914.  Challcley  "Diesel  Engines  for  Land  and  Marine 
Purposes.'*     Jour.  Am.  Soc.  Naval  Engrs.,  November,  1905 
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Table    I     Average  C,   =  0.00103  for  F  =  2.09 
Table  IV  =  0.00095  =  0.6 

Table  V  =  0.00102  =  1.7  to  2.9 

The  average  constant  Cf  as  given  above  is  derived 
from  the  total  jacket  loss.  Of  this  about  10  per  cent  is 
a  fair  allowance  for  the  relative  heat-loss  occurring  dur- 
ing thfe  exhaust  stroke  of  a  four-stroke  cycle  engine, 
while  the  jacket  around  the  exhaust  passage  can  be  ex- 
pected to  absorb  an  additional  8  to  12  per  cent  of  the 
gross  jacket  loss. 

The  exhaust-passage  jacket-heat  does  not  pass  through 
the  cylinder  or  head  walls,  but  in  order  to  allow  for  con- 
tingencies, the  value  of  the  effective  heat-flow  H  for  a 
four-stroke  cycle  engine  will  be  fixed  at: 

(MEP\^   N 
^1 F%  (3) 
E     /log,^ 
The  corresponding  value  of  the  constant  Cf  that  ap- 
plies to  two-stroke  cycle  engines  is  readily  deduced  from 
the  following  considerations: 

Doubling  the  number  of  explosions  affects  only  the 
log  factor  of  (1),  and  this  can  be  allowed  for  by  increas- 
ing the  constant  to  16/9  Cf.  Deducting  10  per  cent  from 
the  four-stroke  constant  as  an  approximate  allowance  for 
the  heat  loss  occurring  during  the  exhaust  stroke,  the 
corresponding  constant  for  two-stroke  cycle  engines  be- 
comes equal  to  0.0009  X  16/9,  thus: 

Accordingly,  the  heat  loss  of  a  four-stroke  cycle  engine 
is  about  %  that  of  a  two-stroke  cycle  engine  for  iden- 
tical speed,  temperature  and  surface  factors. 

Comparatively  few  two-stroke  jacket-loss  tests  are 
available  with  which  to  check  the  newly-found  value  of 
Cf  as  given  in  (4).  Some  commercial  tests  made  upon 
a  20  by  36-in.  double-acting  two-stroke  cycle  engine  of 
the  author's  design  work  out  to  Cf  =  0.0015,  as  based 
upon  the  total  head-end  and  crank-end  jacket  losses. 
Tests  made  upon  a  large  Oechelhauser  gas  engine,  as  re- 
ported by  Prof.  E.  Meyer,  show  a  check  value  slightly 
below  that  given  in  (4).  Hence  the  ascribed  value  for 
Cf  should  amply  cover  the  heat-flow  for  two-stroke  cycle 
engines. 

Owing  to  the  perceptible  loss  of  stroke  resulting  from 
piston-controlled  exhaust  ports,  the  equivalent  bore  allow- 
ance for  two-stroke  cycle  engines  should  be  determined 
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on  the  basis  of  the  effective  stroke  when  working  out 
numerical  values  for  the  surface  factor  F.  For  single- 
acting  engines  of  this  type,  the  effective  stroke  becomes 
equal  to  about  %  L, 

Temperature  Stresses 

Having  fixed  upon  suitable  values  for  the  heat-flow 
through  the  cylinder  wall,  an  estimate  can  now  be  made 
of  the  resulting  temperature  stress.  The  temperature 
gradient  set  up  by  the  heat-flow  H  passing  through  a 
cast  iron  cylinder  wall  can  be  taken  as: 

H  H 

tg     =    —     =     (6) 

K  8.1 

where  tg  =  temperature  gradient,  or  drop  in  deg.  fahr., 
per  inch  of  metal  thickness. 

K  =    speciflc  thermal  conductivity  of  the  cylinder  metal 
per  inch  of  thickness  in  B.t.u.  per  hr.  per  sq.  in. 
of  section  at  1  deg.  fahr.  head, 
=  about  8.1  for  cast  iron  at  normal  bore  tempera- 
ture. 
Accordingly,  the  temperature  drop  due  to  heat-flow 
through  a  cylinder-wall  of  thickness  S  is  equal  to 

ti=tgS  (6) 

where  S  =  uniform  thickness  of  head  or  bore  well  in 

inches, 

td  =  total  temperature  drop  in  deg.  fahr.  through 

the  cylinder  wall. 

Hence,  when  the  wall  of  an  engine  cylinder  is  subjected 
to  a  heat-flow  equal  to  H,  the  temperature  assumed  by  the 
interior  surface  will  be  td  degrees  higher  than  the  ex- 
terior surface.  This  temperature  difference  produces  a 
compression  stress  at  the  interior  surface  of  the  bore 
wall  approximately  equal  to  the  tension  stress  set  up  at 
the  exterior  surface,  thus 

A  «  ^  eM  =  ^  X  0.000006  X  13,000,000       (7) 

=  about  40ttf . 

where  ft  =  temperature  stress  in  lb.  per  sq.  in.,  set  up 
by  the  heat  flow  H, 
e  =  coeflkient  of  linear  expansion  for  hard  cast 
iron. 
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M  as  modulus  of  elasticity  for  hard  cast  iron^  at 
stress  of  about  8000  to  9000  lb.  per  sq.  in. 

Pressure  Stresses 

The  cylinder  wfill  is  also  subjected  to  a  pressure  stress, 
which,  when  added  to  the  temperature  stress  /i,  gives  the 
total  stress.  The  combined  tension  stress  must  not  be 
allowed  to  exceed  certain  well  defined  limits;  otherwise 
fatigue  of  material  will  result. 

The  tension  stress  resulting  from  the  explosive  pres- 
sure is  not  distributed  quite  uniformly  over  the  entire 
wall  thickness,  but  as  shown  by  Clavarino's  formula,* 
the  stress  at  the  outer  surface  is  somewhat  lower.  As 
based  upon  this  formula;  the  tension  stress  at  the  ex- 
terior surface  of  a  cylinder  under  internal  explosive 
pressure  can  be  taken  as 

JL         ^ 
""12 


Hi) 


Multiplying  this  by  a  shock  factor  of  4/8,  the  desired 
tension  stress  due  to  the  explosive  pressure  can  be  found 
from 


.  0.56P 


^-(^j 


(8) 


where  f,  =  pressure  stress,  lb.  per  sq.  in.,  at  the  exterior 
cylinder  surface. 
P  =  explosive  pressul^,  lb.  per  sq.  in. 
S  =  uniform  thickness  of  the  cylinder  wall,  inches. 
D  =  cylinder  bore,  inches. 
The  total  tension  stress  produced  by  the  combined 
action  of  the  temperature  and  pressure  effects  is  meas- 
ured by  the  sum  ft  +  fp. 

According  to  Stromeyer's  tests,+  a  fully  reversing  load 
producing  a  stress  of  =t  9000  lb.  per  sq.  in.  can  be 
indefinitely  repeated  upon  a  good  grade  of  cast  iron  with- 
out producing  any  serious  fatigue  effects.  For  the 
limited  cylinder  stress  range  of  +ft  to  +(ft  +  fp),  sl 
good  sound  cast  iron  cylinder  should  therefore  withstand 
a  stress  of.  say.  13.500  lb.  per  sq.  in.  Allowing  for 
a  minimum  net  factor  of  safety  of  at  least  8/2  as  meas- 
ured with  respect  to  the  fatigue  limit,  this  would  reduce 

•See  Srerrlmnn:    Mechanics  of  Materials 

tlAW  of  FaUffus— Trans.  Inst.  Naval  Architects,  Vol.  LVII.  1106 
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the.  maximum  allowable  working  stress  to  about  9000  lb. 
per  square  inch.  Whenever  possible^  and  especially  for 
engines  that  have  to  puU  their  rated  load  continuously 
for  long  periods  of  time,  it  is  advisable  to  use  a  net  factor 
of  safety  of  2,  thus  reducing  the  total  sajfe  stress  limit  for 
ft  +  fp  to  about  7000  lb.  per  square  inch. 

Bore  Temperatures 

Knowing  the  temperature  drop  td  as  fixed  by  (6),  it  is 
now  possible  to  estimate  the  maximum  temperature  as- 
sumed by  the  cylinder  bore.  The  rate  of  heat-flow 
through  the  bore  surface  lying  adjacent  to  the  cylinder 
head  is  practically  identical  with  that  of  the  head  wall 
itself. 

Furthermore,  the  rate  of  heat-flow  that  applies  to  a 
gas  engine  cylinder  is  far  in  excess  of  the  usual  rate  of 
absorption  in  steam  boilers,  which  latter  rate  may  be  set 
at  from  20  to  40  B.t.u.  per  square  inch  per  hour.  The 
far  greater  rate  of  heat-flow  through  the  cylinder-head 
wall  of  a  fast  running  engine,  causes  the  jacket  water  im- 
mediately in  contact  with  its  exterior  surface  to  reach 
a  temperature  at  least  equal  to  that  at  the  boiling  point. 

In  addition,  a  certain  temperature  head  is  required  to 
drive  the  heat  from  the  head  surface  into  the  boiling 
water.  According  to  Marks,t  such  water  takes  up  about 
7  B.t.u.  per  square  inch  per  hour  for  every  1  deg.  fahr. 
temperature  head  as  measured  with  respect  to  the  boil- 
ing point.  Making  due  allowance  for  the  various  fac- 
tors noted,  the  bore  surface  and  interior  face  of  the 
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cylinder  head  wall  can  be  expected  to  reach  a  tempera- 
ture equal  to  about 

h  =  212  +  H/7  +  (H/8.1  X  S)  (9) 


t Mechanical    Kngineerss*   Handbook 
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where  h  =  probable  maximum  bore-temperature,  deg. 
fahr.,  as  reached  in  cast  iron  cylinders. 
This  equation  applies  only  when  the  bore  metal  is  uni- 
formly disposed  and  is  effectively  water-jacketed  through- 
out. The  use  of  heavy  internal  cylinder-jacket  flanges 
or  any  other  excessive  massing  of  metal  is  likely  to  cause 
additional  localized  heating  of  the  cylinder  bore. 

Rotative  Speed  Limits  from  Commercial  Engines 

Having  fixed  upon  the  determining  factors  controlling 
heat  flow  and  its  effects  upon  the  bore  temperature,  suit- 
able working  limits  for  these  factors  can  now  be  found 
from  a  study  of  high-speed  commercial  engines.  The 
limiting  piston  speed  for  any  given  kind  of  engine,  such 
as  submarine,  cargo  ship,  motorboat,  airplane,  automo- 
bile, stationary  and  like  engines,  appears  to  increase  more 
or  less  regularly  with  the  stroke  dimension.  This  rela- 
tion can  be  approximately  expressed  by  the  following 
simple  equation : 


6C, 
PS  =  Ciy/L  or  N  =  -=- 
y/L 


(10) 


where  PS  =  iVL/6  =  piston  speed,  ft.  per  min. 
L  =  piston  stroke,  inches. 

Ci  =  piston  speed  constant  dependent  upon  the 
type  and  intended  service  of  the  engine. 
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For  any  specified  service,  the  allowable  piston  speed- 
limit  is  usually  taken  as  proportional  to  the  square  root 
of  the  stroke.  This  investigation  has  further  shown 
that  each  of  the  various  kinds  of  engines  has  a  critical 
piston  speed  limit  that  should  not  be  exceeded  for  sat- 
isfactory operating  results. 

The  values  of  the  constant  Ci  as  found  for  two  and 
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four-stroke  cycle  submarine  Diesel  engines  are  plotted 
in  Figs.  2  and  8  respectively.  Other  kinds  of  engines 
were  treated  in  a  similar  manner  and  the  values  chosen 
for  the  representative  constant  Ci  applying  to  the  vari- 
ous engine  groups  are  given  in  Table  VII.  The  results 
show  reasonably  consistent  relative  values  when  making 
due  allowance  for  the  limit  of  cylinder  dimensions  and 
intended  service  of  each.  The  usual  range  of  stroke- 
bore  ratio  is  also  given  in  the  table. 

Some  interesting  results  can  now  be  arrived  at  by 
analyzing  the  data  in  Table  VII  for  heat-flow  effects.  As 
will  be  shown  presently,  the  larger  sizes  of  high-speed 
engines  suffer  considerably  more  from  heat-flow  effects 
than  do  the  small  fast  running  engines.  The  stroke 
dimension  at  which  heat-flow  can  be  expected  to  become  a 
deciding  factor  in  speed  limitation  for  any  one  of  the 
specified  kinds  of  engines  can  be  found  by  placing  its  re- 
spective piston  speed  limit  equal  to  Ciy/L.  Then  by 
substituting  the  corresponding  value  of  Ci  as  given  in 
Table  VII,  (10)  can  be  solved  for  the  limiting  stroke  L. 

The  accompanying  cylinder-bore  limits  for  any  par- 
ticular kind  of  service  can  be  determined  by  dividing  such 
stroke  limit  by  a  suitable  stroke-bore  ratio.  Table  VIII 
has  been  determined  on  this  basis  and  shows  the  limiting 
cylinder  dimensions  at  which  excessive  heat-flow  begins 
to  exert  a  marked  influence  upon  piston  speed  restriction. 
This  table  also  specifies  the  assumed  full-load  values  for 
the  ratio  of  MEP/E  for  both  two  and  four-stroke  cycle 
engines,  with  which  the  rate  of  heat-flow  and  other  given 
data  have  been  estimated. 

The  check  results  as  found  for  the  limiting  sizes  of 
such  engines  are  set  forth  in  Table  IX.  The  specified 
values  for  the  cast  iron  cylinder  wall  thickness  S»  are  in- 
tended to  represent  average  or  normal  practice  and  in- 
clude a  customary  rebore  allowance. 

Bore  Temperature  Limits 

By  plotting  some  of  the  more  important  data  given 
in  Table  IX,  certain  limiting  design  constants  can  be  de- 
duced for  high-speed  engines.  Starting  with  the  bore 
temperature  U  as  fixed  by  (9)  and  plotted  in  Fig.  4,  the 
steady  rise  of  the  bore  temperature  U  with  increased 
heat-flow  shows  this  to  be  one  of  the  principal  factors  in 
speed  limitation.  As  found  from  this  curve,  the  maxi- 
mum allowable  temperature  that  can  still  be  expected  to 
insure  satisfactory  piston  lubrication  is 

tt  lim.  =  350  +  H/10  deg.  fahr.  (11) 


Digitized  by  VjOOQIC 


HEAT-FLOW  THBOUGH  CYUtmBB  WA1L8 


179 


i 


S 


4 


lij 


I 


I 


55" 


§g§§  i  I 


^  >  > 


§igii§ii§i§ 


'^^  ^  «s  ci  a 


?l 


.f=  o  « 


<:  ?  •»  «i  <fl 
. »  e  a  6 


3.3  a.    ■  3    .  *» 

!.&.?|il2 


«<nQQ»hOU'^'^M 


§ggg| 


77   77 


§§  §§ 


»^»4  i^i^ 


II 

J2 


51 


g-e-iri 


^^^!ll 


SiSiii 


»4SSBOa« 


Digitized  by  VjOOQIC 


180 


THE   SOCIETY  OF  AUTOMOTIVE  ENQINBEaW 


O 
H 
< 

or 


% 


O 


a 

2 


.3 


1^1 


J 
"4 


31 

Q5 


iiM 


.a 


x-g 


•J 


8  S 


sss:;  S  9 


^i%%  §  i 


at* 
3o«    >o    e« 


eo  P4  le  00  CO  a»  OftO»«  ^  ^ 


Sc^eSrara^^concom 


Sr^ooSSdSr^Sr^S 


SS^S88S88|8 


9  COO  f^*o  kO  ?eo  io  eo^ 


1  ;;i  •  :'2  •■ 


.  C^  3 

lis 

Hi! 


I  1 


im^ 


ssssss: 


sssss 


giiii 


sasss 

MMM  MM 

eot^eoMM 


as 

•or* 

28 

i§3§ 

S3 

•O 

§» 

ss 

IS 

22 

MM 

%^ 


M  M 
l^0»      0000 


II 


II 


vc-l 


Digitized  by  VjOOQIC 


BMAT-rUm  THROUGH  CYUNDBR  WALLS 


181 


3 
z 

S 
& 


CO 

5 

r 


X 


(5 


;3 

I 
I 


r 
a 


III 


II- 


i 


I 


1? 


ill 


sale 


II- 


9«cS^ 


Sill  ^ 


oocqmA     ^     c6 


acr*    :*    a? 


I  tm  s  i 


i' 


Noidd    d    c 


gggS|8g22|8 


CO  CO  5«i  5«i  iZ  5»  lO  ^  « IQ  CQ 


Meof^viSddeddde 


<<AOQHhO»'-"^M 


oooop 


hi 


mui 


B^i^ 


11  11 


19  SS 


fill 


§i  ii 


§i  s§ 


89  118 

*i9i      MM 


•JS20A* 


Digitized  by  VjOOQIC 


182 


THfi  SOCIBrY  OF  AUTOMOTIVB  UNGUCfaSS 


Fig.  4  shows  a  bore  temperature  of  from  400  to  450 
deg.  fahr.  to  be  a  desirable  limit.  In  fast  running  en- 
gines it  is  apparently  necessary  to  work  with  an  even 
hotter  bore,  but  the  total  wall  stress  fp  +  ft  should  not 
be  allowed  to  exceed  the  prescribed  limits. 

In  case  of  explosive  engines,  hot  spota  in  the  cylinder 
must  also  be  guarded  against;  otherwise  preignition  is 
likely  to  result.  While  this  restriction  does  not  apply  to 
oil  engines  with  timed  injection,  the  plotted  bore  tem- 
peratures for  both  two  and  four-stroke  cycle  oil  engines 
are  almost  identical  with  those  of  explosive  engines.  The 
bore  temperature  can  therefore  be  taken  as  the  primary 
factor  in  fixing  rotative  speed  limits,  provided  that  the 
valves  and  head  parts  are  kept  under  the  requisite  tem- 
perature control  by  adequate  design  measures. 

Cylinder-WaJll  Thieknesa 

The  pressure  stress  fp  as  derived  from  (8)  for  the 
limiting  engine  sizes  in  Table  VIII  is  found  to  be  ap- 
proximately equal  to 


fp  =  2000  +  PD/10 


(12) 


The  normal  cylinder-wall  thickness  Sh  that  applies  for 
an  explosive  pressure  of  300  lb.  per  sq.  in.  when  figured 
upon  the  basis  of  (12),  is  plotted  as  curve  A  in  Fig.  5. 
It  is  expedient  to  maintain  the  pressure  stress  fp  at  the 
highest  aUowable  value  so  as  to  work  with  the  minimum 
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combined  stress  /&  +  ft*  That  the  pressure  stress  speci- 
fied in  (12)  can  be  increased  to  advantage  is  apparent 
from  the  following  considerations: 
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The  minimum  safe  thickness  for  a  simple  thin  cylinder 
as  determined  solely  upon  a  pressure  stress  basis  is 
PD/2  X  3750,  where  the  8750  is  ttie  allowable  pressure 
stress  for  a  thin  cast  iron  cylinder  of  20,000  lb.  per  sq. 
in.  ultimate  strength  at  a  gross  factor  of  safety  of 
4  X  2  X  4/8. 

If  to  this  a  suitable  but  close  rebore  allowance  Ue  added, 
we  have 

^"•*- -  7500"  +  2r  ^^^^ 

« 
where  Smin  =  minimum  allowable  cylinder-wall  thickness 
in  inches. 

This  formula  appears  to  give  satisfactory  values 
throughout  a  wide  range  of  bore  sizes,  and  in  fast  run- 
ning engines  can  be  expected^to  provide  for  the  minimum 
total  stress  fp  -f  fu  For  hard  close-grained  cast  iron, 
Smin  can  be  reduced  in  proportion  to  its  increased  ulti- 
mate strength. 

For  the  smaller  sizes  of  slow  running  engines  where 
no  disturbing  effects  are  set  up  by  heat-flow,  the  use  of 
a  cylinder-wall  thickness  of  about  iV^Smin  provides  for 
stiffer  construction,  and  facilitates  the  work  of  casting 
and  machining  the  cylinders.  Excessive  bore  allowance 
is  not  advisable  in  high-speed  engines,  as  it  tends  to 
augment  cracking  troubles  and  thus  may  defeat  the 
intended  purpose  of  lengthening  the  cylinder  life. 

Values  for  Smin  as  determined  from  (13)  for  P  =  800 
lb.  per  sq.  in.,  have  been  plotted  in  Fig.  5  as  curve  B; 
the  average  value  of  Smin  is  about  %iSn,  which  shows  that 
the  customary  wall  thickness  can  be  reduced  with  ad- 
vantage, especially  in  larger  engines. 

Limiting  Heat-Flow  Constants 

The  allowable  value  for  the  heat-flow  H  as  based 
upon  the  prescribed  bore  temperature  limits  can  be  found 
by  equating  (9)  and  (11)  and  transposing  thus: 

_  427  425    ,  V         ,..x 

^"-  ^  S  +  0.1SS    =ST%  ^^^^'"^'^         ^^^^ 

The  heat-flow  limit  is  inversely  proportional  to  ad  ap- 
parent wall  thickness  S+Vs,  the  constant  Vs  being  an 
eouivalent  wall  allowance  reouired  to  drive  the  heat  from 
the  outer  wall  surface  into  the  jacket  water.  It  may  be 
necessary  to  reduce  further  the  given  value  of  Hum  in 
case  the  metal  lacks  uniformity  or  when  the  head  parts 
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are  made  materially  heavier  than  the  bore  wall.  Large 
valve  openings  and  massive  cylinder  flanges  localize  heat- 
flow,  and  this  tends^to  increase  temperature  stress  and 
imposes  additional  speed  restriction. 

A  detailed  discussion  of  this  aspect  would  lead  too  far 
from  the  present  subject  to  warrant  treatment  here.  The 
aim  of  the  present  paper  is  rather  to  determine  the  limit- 
ing speeds  that  apply  to  an  ideal  engine  having  the 
minimum  of  wall  thickness  and  unencumbered  with  valve 
openings  of  a  size  sufficient  to  dominate  speed  restriction. 

Surface  Factor  Formulas 

In  engines  in  which  the  combustion  chamber  is  simply 
formed  in  an  extended  portion  of  the  cylinder  bore,  the 
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normal  surface  factor  assumes  the  following  numerical 
value  when  the  entire  piston  area  is  taken  as  eflTective 
cooling  surface: 


(16) 


where  Vn  «  V«/A«  «  normal  surface  factor  for  the  speci- 
fied form  of  combustion  chamber. 
U/L  »  ratio  of  clearance  volume  to  piston 
displacement,    as    measured    in 
terms  of  the  stroke  L. 
r  »  L/D  1"  stroke-bore  ratio. 
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Surface  factors  applying  to  combustion  chambers  with 
more  intricate  ^contour  can  be  approximated  by  multiply- 
ing the  given  value  of  Fn  by  a  suitable  constant  In  any 
case,  the  surface  factor  can  be  expected  to  increase  di- 
rectly with  the  bore  diameter  D,  The  usual  values  for 
Fn  as  determined  for  a  wide  range  of  conditions  are 
plotted  in  Fig.  6.  High  compression  oil  engines  possess 
a  relatively  large  surface  per  unit  of  volume.  For  the 
more  common  loW  compression  explosive  engines,  with  r 
varying  from  4/3  to  3/2  at  a  clearance  volume  of  20  to 
25  per  cent  piston  displacement,  the  mean  value  of  Fn 
is  generally  found  to  be  about  D/7.2,  as  indicated  in 
Fig.  6.. 

Limiting  Speed  Formulas  for  Low  Compression 
Engines 

Using  the  average  value  of  Fn  =  D/7.2  as  a  basis  for 
the  further  discussion  and  placing  (14)  equal  to  (1), 
the  following  relation  is  obtained: 


/For  four-strokeW  N    \        _  h^^^ , 

\   cycle  engines   }\logJf)„«..       (S^.  ij,)^^. 

(16) 


/  For  two-stroke\  _  _  _  Jl^OOO^OOO^ 

V    cycle  engines;  {&  +  Vs)  {^I^Yd'^ 

(16a) 

The  above  equations  permit  finding  the  maximum 
allowable  speed  at  which  any  given  size  of  explosive  gas 
or  oil  engine  reaches  the  prescribed  bore-temperature 
limit.  Fig.  7  shows  the  relation  of  N/log,N  as  plotted 
upon  a  speed  basis;  its  numerical  value  can  be  closely 
approximated  by  the  curve  1.07NH  as  indicated. 

Equation  (16)  can  be  further  simplified  by  confining 
the  cylinder  wall  to  the  minimum  allowable  thickness 
Smin  as  defined  by  (13)»  in  which  case  the  value  of  the 
factor  (S  +  Vs)  at  800-lb.  explosive  pressure  can  \ye 
taken  as  proportional  to  the  cylinder  bore,  thus 

(S„Mr.  +  Vs)  =  0.15Z)%  (approx.)  (17) 

With  this  further  restriction  the  above  equations,  as 
confined  to  cast-iron  cylinders  working  with  Fn  =  about 
D/7.2  and  at  an  explosive  pressure  of  about  800-lb. 
per  sq.  in.,  finally  take  the  form, 
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For  four-stroke 
cycle  engines 


}oeJf/Um 


/For  two-stroke'^ 


cycle  engines  f 


10,700,000 
6,700,000 


(18) 


(^)' 


(18a) 


Ck>rre8ponding  values  for  piston  speed  limits  are: 
For  four-stroke  \„„         DrN   _  1,800,000  rlog.^ 
cycle  engines 


( 


) 


PS„m  = - 


(For  two-stroke\ 
cycle  engines  J 


6 


(^/)% 


1,100,000  rlog,^ 


(19) 


(19a) 
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Fio.  6 — Curves  Showing  Normal  Surface  Factohi   (F«)   pqb 
Different  Cylinder  Forms 


Cunre  A:  l/L  =  H    when    L/D  =  1.0 

B:  =  15 

C:  =  2.0 

D:  l/L  =  M    when    L/D  =  10 

S:  1.5 

/?•  2.0 

O:  l/L  =  Me  when  I./I>  =  10 

H:  l.» 

/:  2.0 
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^be  curves  in  Fig.  8,  which  are  derived  from  (18) 
and  (19) ,  show  the  manner  in  which  heat-flow  limits 
rotative,  speed  in  four-stroke  cycle  explosive  engines. 
The  restrictions  imposed  by  heat-flow  are  especially 
marked  in  sizes  above  10-in.  bore;  the  allowable  piston 
speed  for  large  four-stroke  cycle  engines  working  with 
a  relatively  high  input  per  cubic  foot  of  displacement, 
drops  to  a  low  value  as  shown  by  curve  C.  No  material 
advantage  is  gained  by  striving  for  too  high  a  value  of 
MEP/E  in  single-cylinder  high-powered  engines,  because 
the  difiiculties  accompanying  increased  heat  flow  neces- 
sitates a  reduction  in  rotative  speed. 


1000 

■^^~ 

^^^ 

^^^ 

■^^~ 

N 

,Y' 

^^ 

.< 

AAA 

"^ 

U 

9 10^ 

K 

^ 

<*» 

U 

800 

^^ 

> 

Ku, 

1,*^ 

z600 

y^ 

^ 

^ 

X 

3« 

y' 

^ 

^ 

too 

y 

^ 

y 

A 

2 

500 


1000 


1500         2000         2500       >  3000        4000 

CNGme  RP.M 

Fio.   7 — ^Appboximatb  NuMi^icit;AL.   Values  tor   S  -4-  logTioi^ 

When  practicable,  this  restriction  can  be  overcome  by 
casting  the  cylinder-liner  and  head  parts  of  manganese 
bronze  and  like  metals,  since  then  the  speed  can  be  in- 
creased in  proportion  to  the  superior  heat  conductivity 
of  such  metals. 

As  applied  to  small  four-stroke  cycle  engines,  the 
curves  in  Fig.  8  show  that  cast  iron  cylinders,  when  prop- 
erly designed  for  heat-flow,  should  readily  be  able  to 
meet  the  rather  severe  requirements  of  modem  high- 
speed automobile  and  marine  engines.  This  deduction 
is  dependent  upon  uniform  and  effective  cooling  for  all 
cylinder  parts  and  upon  a  suitable  shape  for  the  head 
wall,  so  that  it  can  withstand  the  explosive  pressure 
without  exceeding  the  bore  wall -thickness  Smin> 

The  speed  constant  that  will  prove  most  suitalSe  for 
any  particular  kind  of  engine  is  naturally  dependent 
upon  the  service  for  which  it  is  intended.  As  deduced  in 
round  flgures  for  the  various  kinds  of  four-stroke  cycle 
gas  and  gasoline  engines  listed  in  Table  VII,  the  follow- 
ing multiplying  factors  for  the  stipulated  speed  constant 
10,700,000  (18)  represent  current  practice  for  cast  iron 
cylinders: 
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Fio.  8 — Curves  Showing  Effkct  op  Heat-Plow   Upon  Pistiin- 
AND  Rotative  Speeds  op  4-Strokb  Ctci.e  Enoinrs 

Curve  A  for  MEP/E  =  200  1 

Curve  B  for  MEP/E  =  300  }  L/D  =  4/3 

Curve  r  for  MEP/E  =  400  J 


.Taulk  X — Multiplying  Factorb  kok  Shked-C'onhtant 


RefereDce 
No. 


A.  BAG 
D 
E 
F 
G 
H 

J 
K 


Kind  of  KriKinc 


Statioimry  and  heavy-duty  marino 

Hiffh-duty  marine 

Parinfc  engine 

Airplane,  direct-connected 

Airplane,  near  reduction 

Motorcycle 

Four-oyl.  automobile,  moderate  Bpw'd 
Twelvp-cyl.  automobile,  high  spee*! .  . 
Truck  and  tractor  engines 


Multiplying 
Factor 


About  H  to  H 
ItolK 

1 

IK 
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The  safe  speed  limit  is  largely  fixed  by  the  character 
of  service  required;  when  continuous  full-load  service  is 
demanded,  it  is  essential  to  reduce  the  given  piston  speed 
limit  PSmin  in  proportion  to  the  given  multiplying  fac- 
tors, so  as  to  provide  a  sufficient  margin  of  safety 
against  excessive  wear  and  breakdown. 

While  most  four-stroke  cycle  engines  operate  at  be- 
tween 75  and  100  per  cent  Of  the  so-prescribed  speed  lim- 
its, the  corresponding  average  for  two-stroke  cycle  en- 
gines is  considerably  lower,  particularly  as  regards  the 
small  crankcase  compression  gasoline  engines,  which  only 
reach  about  50  per  cent  of  the  specified  limit  values.  The 
low  speed  efficiency  of  most  engines  of  this  type  is  to  be 
attributed  in  large  part  to  excessive  bore  temperature,  a 
matter  that  could  no  doubt  be  considerably  improved  by 
the  usQ  of  thinner  cylinder  walls  and  by  giving  more 
careful  attention  to  heat-fiow  effects  in  the  design  of  two- 
sf roke  cycle  engines. 

Two  Versus  Four-Stbokb  Cycle  Engines 

The  various  formulas  show  that  when  working  with 
high  mean  effective  pressures  the  two-stroke  cycle  engine 
is  not  so  well  adapted  for  fast  running  as  is  the  four- 
stroke  cycle.  The  two-stroke  cycle  can  be  used  to  best 
advantage  when  confined  to  long-stroke  slower-running 
gas  engines  working  with  a  relatively  lower  heat  input 
per  cubic  foot  of  displacement.  The  lower  first  cost  re- 
sulting from  simplicity  of  construction  and  the  elimina- 
tion of  mechanically  operated  valves  does  however  give 
the  two-stroke  cycle  engine  a  considerable  commercial 
advantage  for  oertain  kinds  of  service  where  slow  run- 
ning is  essential 

In  the  case  of  oil  engines,  the  conditions  become  more 


TaBLB  XI — COUPABATIVB  PROPSRTIBS  Of  DlBHEL  SuBMAaUHB   EnOINIS 


Item 


tndlrfkted  effidenoy  (Jf),  per  cent     . 

jr  ff  P.  lb.  per  sq.  in 

Cylinder  dinienfliont,  inofaef 

Rev.  per  min.  (V) 

Surteee  factor  F,  ahoat 

He*t  Oow  /7  by  O).  B.t.a.  per  eq.  in. . 

Cylinder  thiekne«  (Smin),  incbee 

Bore  temperature  lb  by  (0),  dec.  f^hr . 
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Temp,  etreee  ft  by  (7),  lb.  per  sq.  in .  . 
Pnm.  etrees  fp  by  (8).  lb.  per  sq.  in .  . 
Total  wall  Btreas  ft  -^fp,  lb.  per  sq.  in 
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favorable  to  the  two-stroke  cycle.  The  following  com- 
parison is  made  between  the  two  and  four-stroke  cycle 
Diesel  engines  commonly  used  for  submarine  drive. 
Both  engines  are  assumed  to  have  an  approximately 
equal  rated  power  capacity  of  about  110  b.hp.  per  cylp 
inder.  Table  XI  presents  the  data  used  in  arriving  at 
a  heat-flow  comparison  applying  to  these  two  types  of 
single-acting  Diesel  engines. 

The  four-stroke  cycle  Diesel  engine  offers  no  conspic- 
uous advantage  as  regards  heat-flow  when  compared 
upon  the  basis  of  equal  cylinder-power  capacity.  The 
two-stroke  cycle  engine,  because  of  its  smaller  cylinder 
dimensions,  can  take  care  of  its  inherently  greater  heat- 
flow  without  destructive  temperature  effects.  Further- 
more, while  the  wall  stress  of  the  two-stroke  cycle  engine 
is  shown  to  be  greater  by  some  6  per  cent,  the  conditions 
in  the  case  of  a  high-speed  four-stroke  cycle  engine  are 
not  really  so  favorable  as  the  estimated  stress  relations 
would  indicate.  The  large  openings  required  for  the 
four-stroke  inlet  and  exhaust  valves  tend  to  weaken  the 
cylinder-head  structure  and  do  not  allow  of  the  same 
uniform  distribution  of  metal  and  effective  cooling  of  the 
head-wall  as  in  the  case  of  a  two -stroke  cylinder  when 
charged  from  below  by  means  of  piston-controUed  inlet 
porta. 

Both  types  of  submarine  engines  slightly  exceed  the 
prescribed  bore-temperature  limits.  A  reduction  of  at 
least  10  per  cent  in  the  given  speed  would  provide  for 
greater  reliability  of  operation,  especially  so  since  de- 
pendable service  is  absolutely  essential  for  a  successful 
submarine  engine. 

Jacket  Loss  Formulas 

The  full  load  jacket  loss  of  any  internal  combustion 
engine,  as  measured  in  terms  of  heat  input,  is  readily 
deduced  from  the  foregoing  equations.  As  based  upon 
(2),  the  heat  input  of  a  four-stroke  cycle  engine,  deter- 
mined for  a  period  of  one  hour,  is 

0  =  0.185   -g-X^X 0.60^-^=. 0.0032 N-^-V, 

(20) 

The  jacket  loss  occurring  during  this  same  period  is 
measured  by  the  product  of  the  effective  area  At  and  the 
heat-flow  rate  H,  and  when  taken  with  respect  to  the 
heat  input  becomes  __. 
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"  0.0032  AT-^  V. 

Where  J  =  full-load  jacket-loss  as  measured  in  terms  of 
heat  input, 
Vo  =  n/4D*L    =    piston    displacement    in    cubic 
inches. 
Substituting  for  the  value  of  H  as  given  in  (1)»  the 
formula  for  jacket-loss  finally  takes  the  form : 

Fdr  f our-stroke\  J  _  V« /  \  E    / 

cycle  engines^  3.2/^log,,N  (21) 

The  relative  jacket-loss  for  two-stroke  cycle  engines 
is  found  to  be  somewhat  lower,  and  can  be  determined  by 
substituting  8.9  in  place  of  the  constant  3.2  given  in  the 
above  equation. 

According  to  (21),  the  full  load  jacket-loss  /  increases 
directly  with  the  temperature  factor,  while  increased 
speed  and  a  large  volume  content  per  unit  surface  tend  to 
reduce  the  jacket  loss  percentage.  The  speed  and  surface 
factors  N  and  F  are  largely  predetermined  by  consid- 
erations other  than  their  effect  upon  jacket  loss,  but  as 
checked  from  Table  IX  the  product  log,oN  X  ^^  can  be 
expected  to  lie  between  the  limits  2%  and  3^,  witb 
approximately  3.0  as  a  fair  average  value. 

The  estimated  jacket  loss  applying  to  tlie  various  kinds 
of  engines  previously  analyzed  for  speed  limits  are  pre- 
sented in  Table  VIII.  This  estimate  shows  the  jacket 
loss  in  the  larger  high-compression  engines  to  be  rela- 
tively small,  that  is,  from  20  to  25  per  cent  of  the  heat 
input,  while  for  the  smaller  low-compression  high  speed 
engines  the  jacket  loss  may  be  about  twice  as  large. 

Constancy  op  Indicated  Efficiency  with  Increased 
Jacket  Loss 

The  jacket  loss  exerts,  no  very  marked  influence  upon 
the  indicated  thermal 'efficiency,  largely  because  E  is 
dependent  prijnarily  upon  the  ratio  of  expansion,  as  is 
evident  from  the  following  formula : 

E  ^1  —  1/R^"  (22) 

where  R  =  — = — ^  =  ratio  of  expansion 

m  =  exponent  of  expansion  line  P7*"  =  Const 
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For  most  explosive  engines  working  with  a  reasonably 
clean  and  quick-firing  charge,  the  average  value  of  m 
is  about  6/6.  The  value  of  m  does  not  change  materially 
with  change  in  bore  dimensions.  Since  the  thermal 
eflSciency  of  an  explosive  engine  is  dependent  solely  upon 
the  difference  of  the  initial  and  final  temperatures  of 
expansion,  any  additional  jacket  cooling  will  tend  to  re- 
duce the  exhaust  loss  by  an  amount  practically  equal  to 
the  increase  of  jacket  loss,  but  without  producing  any 
material  loss  of  indicated  efiiciency. 

In  fast  running  engines  a  loss  of  from  5  to  10  per  cent 
in  thermal  eflkiency  can  be  expected  to  result,  from  the 
sloping  explosion  line  shown  in  Fig.  9.  The  relatively 
slow  rate  of  combustion  reduces  the  effective  ratio  of 
expansion  in  approximately  the  manner  indicated. 

Importance  of  Small  Surface  Factors 

The  preceding  formulas  have  shown  the  important 
function  of  the  surface  factor  F  and  the  advantage  of 
providing  ample  cooling  surface  for  the  heat  offtake. 
Skillful  manipulation  of  this  factor  should  lead  to  further 
improvement  in  internal-combustion  engine  design,  es- 
pecially so  for  the  larger  explosiiitt  engines,  in  which  the 
cooling  surface  is  generally  inadequate.  In  the  past, 
excess  heat-flow  has  been  the  bugbear  of  many  of  the 
larger  high-speed  engines,  since  it  frequently  leads  to 
preignition  troubles,  cracking  of  cylinder  parts  and  other 
equally  unsatisfactory  operative  results. 


Fio.  9- 


-iKDiCATOS  Card  Illustratino  EFFEcnvs  Sxpansiok  Ratio 

IN  HiOH-SPEBD  E^NOtNIC 


Digitized  by  VjOOQIC 


HBAT-FLOW  THROUGH   CYUNOCR   WALLS  19S 

For  high-powered  internal-combustion  engines  to  com- 
pete successfully  with  other  forms  of  modem  prime 
movers,  high  speed  is  today  essential.  In  attempting  to 
effect  a  speed  increase  by  the  use  of  more  ample  cooling 
surfaoe,  care  must  be  taken  to  keep  the  combustion 
chamber  reasonably  free  from  pockets  which  are  likely 
to  trap  the  products  of  combustion  and  so  prevent  the 
formation  of  a  fairly  uniform  and  quick-firing  explosive 
mixture  throughout  the  working  charge. 

Experience  with  small  high-speed  engines  shows  con- 
clusively that  when  considered  apart  from  the  limitation 
imposed  by  heat-flow,  piston  speeds  as  such  can  be  in 
creased  far  in  excess  of  the  limits  now  commonly  set  for 
the  larger  sizes  of  internal  combustion  engines.  It  is 
not  improbable  therefore  that  the  future  will  see  en- 
gines of  large  dimensions  run  at  piston  speeds  that  have 
heretofore  been  deemed  prohibitive.  To  make  any  sub 
stantial  advance  along  these  lines  will  require  careful 
attention  to  design  details,  especially  so  as  regards  heat- 
flow  effects  and  lubrication. 

Author's  Conclusion 

On  the  basis  of  the  principles  enunciated,  it  may  be 
concluded  that  the  full-load  heat-flow  through  gas  and 
oil  engine  cylinders  is  dependent  upon  three  prime  fac- 
tors as  expressed  in  equation  (1),  as  follows: 


/   MEP    \ 
\—E       ) 


(1)  Temperature  factor, 

(2)  Speed  factor,  NAog,^. 

(3)  Surface  factor  F,  effective  volume  per  unit  of  cool- 

ing surface. 

The  designer  usually  strives  to  keep  the  first  and  sec- 
ond of  these  factors  at  a  maximum  in  order  to  secure  a 
correspondingly  large  engine  output.  The  resulting  high 
rate  of  heat-flow  tends  unduly  to  raise  the  temperature 
of  the  cylinder  bore  and  head  walls.  The  permissible 
rate  of  heat-flow  is  shown  to  be  strictly  limited  by  the 
resulting  bore  temperature,  which  should  not  exceed  400 
to  450  deg.  fahr.,  as  fixed  by  the  given  method  of  tem- 
perature determination. 

For  a  given  rate  of  heat-flow,  the  temperature  drop 
increases  directly  with  increased  thickness  of  the  cylin- 
der wall.  Hence  the  maintenance  of  the  same  bore  tem- 
perature in  all  sizes  of  engines  necessitates  a  reduction 
in  heat-flow   with    increased  bore   dimensions.     Large 
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engines  are  shown  to  reach  the  prescribed  heat^flow  limit 
at  comparatively  slow  rotative  speeds. 

This  inherent  restriction  can  be  overcome  in  part  by 
making  the  cylinder  liners  of  manganese  bronze  and 
like  metals  having  a  far  higher  thermal  conductive  power 
than  is  possessed  by  cast  iron.  In  larger  engines  such 
innovation  can  be  expected  to  lead  to  prohibitive  first 
costs;  hence,  both  from  constructive  as  well  as  from  com- 
mercial aspects,  the  author  advocates  the  skillful  manip- 
ulation of  the  surface  factor  F  as  the  most  promising 
method  of  overcoming  the  destructive  heat-flow  eftects 
in  the  cylinder  and  head  parts  of  large  internal  com- 
bustion engines. 

The  numerical  value  of  the  surface  factor  F  normally 
changes  directly  with  the  bore  dimensions,  and  for  large 
engines  the  available  cooling  surface  per  unit  of  effective 
volume  is  comparatively  small.  On  the  other  hand,  a 
relatively  large  cooling  surface  per  unit  of  volume  con- 
tent, as  used  in  the  case  of  smaller  engines,  serves  better 
to  diffuse  the  jacket  loss  and  prevent  excessive  concen- 
tration of  heat-flow  through  the  cylinder  wall.  This  re- 
sults in  a  considerable  improvement  in  the  temperature 
relations  and  tends  to  eliminate  preignition,  excessive 
heating  of  the  valves  and  like  temperature  troubles.  To 
prevent  cracking  of  the  cylinder  parts,  the  sum  of  the 
temperature  and  pressure  stresses  should  not  exceed  pre- 
scribed limits. 

While  the  proposed  artificial  increase  in  the  cooling 
surface  does  increase  the  jacket  loss,  it  does  not  mate- 
rially afffect  the  indicated  effkiency.  It  may  be  expected, 
therefore,  to  improve  operating  conditions  generally 
when  applied  to  large  high-speed  engines. 

Formulas  are  derived  to  fix  the  maximum  allowable 
speed  for  both  two  and  four-stroke  cycle  gas  and  oil 
engines  as  based  upon  heat-flow  effects.  For  usual 
values  of  the  surface  factors  F  and  the  prescribed  mini- 
mum cylinder  wall  thicknesses,  the  piston  speed  limits 
are  shown  by  (19)  to  be  directly  proportional  to  the 
stroke-bore  ratio  and  inversely  proportional  to  the  prod- 
uct of  the  temperature  factor  and  the  cube  root  of  the 
bore  diameter.  Hence,  excessive  heat-flow  may  restrict 
piston  speed  even  in  the  smaller  high-speed  engines  when 
working  wijth  relatively  large  values  of  MEP/E. 

The  inverse  ratio  of  the  factor  D  further  shows  that 
under  similar  conditions  of  heat-flow  it  is  not  safe  to 
run  the  piston  speed  in  larger  engines  as  fast  as  in 
smaller  engines,  unless  compensated  for  by  a  correspofid- 
ing  increase  in  the  stroke-bore  rattoi    
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The  rate  of  heat-flow  in  two-stroke  cycle  engines  can 
be  taken  at  about  1.6  that  of  the  four-stroke  cycle  en- 
gine for  equal  numerical  values  of  the  three  primary 
factors  previously  referred  to.  A  comparison  with  Diesel 
submarine  engines  of  equal  power  capacity  per  cylinder 
shows  th^t  as  applied  to  this  particular  service  the  four- 
stroke  cycle  offers  no  marked  advantage  as  viewed  from 
the  heat-flow  standpoint. 

The  four-stroke  cycle  does,  however,  offer  an  impor- 
tant advantage  when  working  with  high  values  of 
MEP/E,  such  as  apply  in  fast  running  marine,  automo- 
bile, airplane  and  like  gas  engines.  Under  this  condition 
the  restriction  imposed  by  the  increased  rate  of  heat-flow 
would  keep  the  rotative  speed  of  two-stroke  cycle  engines 
below  commercial  requirements. 

The  speed  limitation  imposed  upon  practically  all  kinds 
and  sizes  of  internal-combustion  engines,  both  of  the 
two  and  four-stroke  cycle  types,  are  shown  to  be  iden- 
tical, all  being  dependent  primarily  upon  the  allowable 
rate  of  heat-flow  set  up  through  the  cylinder  wall  In 
cases  where  well-designed  engines  are  not  speeded  .up  to 
the  prescribed  limit  such  speed  reduction  is  usually 
found  to  conform  with  the  intended  service  and  the  gen- 
eral shop  practice  of  the  engine  maker. 

Thus  the  interdependence  of  interest  between  the  kin- 
dred branches  of  internal-combustion  engineering  be- 
comes evident,  and  the  need  is  shown  of  keeping  in  rea- 
sonably close  touch  with  the  progress  made  in  the  en- 
gine industry  considered  as  a  whole. 

Finally,  attention  is  directed  to  the  necessity  of  further 
experimental  data  relating  to  jacket-loss  tests,  and  it  is 
hoped  that  some  one  of  our  well-equipped  university 
laboratories  may  see  fit  to  undertake  the  extensive  re- 
search investigations  required  to  establish  fully  the  un- 
derlying laws  of  heat-flow  outlined  in  this  paper. 
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FUNDAMENTALS   OF   TRACTOR   DESIGN 
By  George  T  Strite* 

The  fundamental  design  of  a  tractor  involves,  first 
of  all,  the  size  ef  the  tractor,  the  number  of  plows  it  will 
pull,  or  the  drawbar  pull.  For  many  years  the  tendency 
has  been  to  keep  increasing  the  size  just  a  little.  Even 
in  the  days  of  the  big  tractor,  eight  and  ten-plow,  I  can 
remember  when  the  influence  exerted  by  our  customers 
for  just  a  little  more  power  was  hard  to  resist.  The 
temptation  was  continually  before  us  to  build  something 
larger,  although  at  that  time  most  of  us  knew  that 
eventually  the  small  tractor  was  going  to  be  the  thing. 

Since  the  complete  readjustment  of  the  tractor  manu- 
facturing business,  most  companies  have  started  with 
the  two  and  the  three-plow  outfit,  and  ever  since  there  has 
been  a  constant  demand  for  just  a  little  more  puUing 
capacity.  One  of  the  hardest  things  in  the  tractor  busi- 
ness is  to  have  the  nerve  to  "stand  pat''  and  build  one 
size  and  not  keep  constantly  increasing  the  size  so  that 
it  will  do  a  little  more  work. 

Power  and  Traction 

After  the  size  has  been  determined,  we  have  two  fac- 
tors to  deal  with — one,  the  amount  of  power;  the  other, 
traction.  Here  again  is  a  hard  question  to  decide, 
whether  to  have  sufficient  power  so  that  the  engine  will 
not  stop  and  will  continually  turn  the  wheels  regardless 
of  the  kind  of  ground  or  footing;  or,  on  the  other  hand, 
to  install  an  engine  with  only  sufficient  power  to  carry 
the  load  and  not  slip  the  wheels.  If  an  engine  develops 
five  or  ten  horsepower  more  than  would  be  required  for 
the  ordinary  work,  then  the  entire  transmission  and  trac- 
tor must  have  sufficient  strength  to  take  care  of  the  load 
and  turn  the  wheels  under  extreme  conditions.  Would  we 
think  of  buying  an  automobile  today  with  engine,  trans- 
mission and  bearings  of  such  capacity  as  to  spin  the 
wheels  on  high  gear  and  dry  ground?  This  would  be 
absurd. 

However,  from  a  sales  point  of  view,  there  is  one  reason 
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why  we  have  done  this  in  the  case  of  the  tractor.  In 
demonstrating  the  tractor,  at  which  time  it  is  generally 
loaded  to  the  limit,  if  we  stall  the  engine,  it  is  most  dis- 
creditable to  the  tractor;  if  the  engine  has  sufficient 
power  to  keep  on  turning  the  wheels,  even  to  the  extent 
of  burying  the  tractor  in  the  ground,  this  brings  out 
applause  for  the  tractor,  and  the  farmers  will  say:  ''Gee, 
but  that  tractor  has  got  the  power!" 

Personally,  I  think  that  we  have  carried  this  too 
far.  What  the  average  wheel  tractor  needs  is  more 
traction  as  compared  with  the  amount  of  power  fur- 
nished. The  farmer  would  then  get  a  more  efficient  and 
better  balanced  machine,  a  machine  that  could  be  used  in 
extremely  bad  conditions,  on  wet,  soft  or  on  sandy 
ground.  As  soon  as  the  farmer  is  educated  on  this  point, 
we  will  begin  to  build  tractors  better  balanced  for  total 
average  efficiency,  and  not  those  that  will  do  certain 
tricks,  regardless  of  the  average  work  they  are  expected 
to  do.  The  farmer  or  manufacturer  will  then  use  more 
horse  sense  and  good  judgment  with  an  eye  to  final 
average  efficiency. 

When  we  have  settled  the  ratios  between  power  and 
traction,  the  third  item  to  consider  in  the  design  of  a 
tractor  is  the  bearing  surface  of  the  wheels  on  the 
ground  as  compared  with  the  power  of  the  tractor.  In 
the  old  days  we  built  tractors  which  were  exceedingly 
heavy  and  deficient  in  surface.  The  tractor  of  today  is 
better,  but  the  future  tractor  will  be  built  with  less 
weight  because  of  multiple-cylinder  engines,  high-grade 
material,  and  greater  wheel  surface  on  the  ground.  The 
wheel  surface  must  also  be  backed  up  by  the  proper 
shape  and  style  of  grouters  or  lugs. 

Weight  Distributian 

After  the  total  weight  of  the  tractor  is  determined, 
then  comes  the  question  of  distribution.  If  it  is  a  four- 
wheel  machine  with  two  drivers  in  the  rear  and  two 
front  wheels,  careful  judgment  must  be  used  as  to  how 
much  weight  should  be  carried  on  the  drive  wheels  and 
how  much  on  the  front  wheels.  With  the  best  practice 
today  about  70  per  cent  of  the  total  weight  seems  to  be 
carried  on  the  drive  wheels  and  about  80  per  cent  on 
the  front  wheels.  This  weight  must  be  calculated  with 
the  tractor  standing  still,  without  any  drawbar  load. 

When  the  tractor  is  working  with  a  reasonably  heavy 
drawbar  pull,  a  large  percentage  of  the  total  weight 
plus  a  certain  percentage  of  the  drawbar  pull  will  be 


Digitized  by  VjOOQIC 


198 


THE  SOCIETY  OP  AUTOMOTIVE  ENGINEEHS 


carried  on  the  rear  wheels.  Tl^is  percentage  depends 
upon  the  height  of  the  drawbar  hitch  on  the  tractor,  the; 
height  of  the  hitch  on  the  plow,  and  the  load  being 
pulled.  From  10  to  16  per  cent  of  the  weight  is  thus 
carried  on  the  front  wheels,  which  for  all  practical  pur- 
poses is  enough  to  steer  the  tractor,  except  when  going 
up  a  steep  grade,  when  the  front  wheels  are  apt  to  rise 
and  make  hard  steering. 

The  power  required  of  the  tractor  engine  depends,  firsts 
upon  the  drawbar  pull,  which,  however,  has  no  signifi- 
cance unless  the  speed  is  considered.  It  takes  prac- 
tically the  same  power  to  puU  two  plows  at  three  miles 
per  hour  as  to  pull  three  plows  at  two  miles  per  hour. 
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Factors  ArFSCTiNa  Tractor  Dbsiqn 

This  is  a  point  on  which  the  farmer  has  been  greatly 
deceived.  Some  companies  have  sold  their  tractors  on 
the  basis  of  drawbar  pull  in  pounds,  saying  nothing  about 
the  speed  in  miles  per  hour,  while  other  companies  have 
made  a  strong  point  of  the  speed.  Both,  of  course,  must 
be  considered  in  determining  the  drawbar  horsepower. 

From  an  engineering  point  of  view,  and  I  think  even- 
tually for  the  convenience  of  the  farmer,  the  power 
should  be  specified  in  figures  of  total  displacement.  In 
the  figures  in  the  accompanying  table  the  speed  of  the 
different  tractors  will  not  be  considered.  In  group  A 
there  is  little  difference  in  the  speed  of  the  three  ma- 
chines. In  group  B  in  actual  practical  farm  work  there 
is  surprisingly  little  difference  in  the  speed,  although 
there  is  a  difference  between  group  A  and  groups  B  and 
G,  as  the  speed  of  the  smaU  tractors  will  average  from 
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10  to  16  per  cent  higher.     However,  for  the  sake  of 
comparison,  we  will  disregard  the  speed. 

Out  of  95  different  models  in  the  tractor  spe^fication 
books,  I  have  taken  10  of  the  best-known  makes,  of  which 
600  or  more  are  actually  in  the  field. 

In  taking  the  ratings  of  the  ten  different  makes  of ' 
tractors,  it  was  a  hard  matter  to  get  all  the  ratings. 
Some  rate  by  number  of  plows,  others  by  belt  power 
and  drawbar  horsepower,  and  I  found  it  was  especially 
hard  to  get  some  of  the  companies  to  state  specifically 
their  drawbar  pull  in  pounds.  Many  companies  do  not 
publish  this. 

I  do  not  claim  that  these  figures  are  correct  or  accu- 
rate, but  they  are  the  nearest  I  could  get.  They  tend  to 
show  the  great  variation  in  rating.  Some  tractors  are 
very  much  over-rated  and  others  conservatively  rated. 
The  main  thing  I  wish  to  bring  out  is  these  variations, 
and  the  general  average  trend  of  the  tractor  in  size, 
power  in  proportion  to  weight,  etc.,  and  also  the  marked 
refinement,  development  and  efficiency  in  proportion  to 
weight  and  piston  displacement. 

I  think  that  tractor  engineers  who  are  designing  new 
tractors  should  consider  the  average,  past  and  present, 
in  designing  new  machines  and  benefit  by  past  experience. 

The  first  three  in  group  A  are  of  the  large  type,  two 
with  two  cylinder  and  one  with  a  four-cylinder  engine. 
Group  B  represents  the  four-cylinder,  three  and  four- 
plow  tractors  of  late  type  and  light  weight.  In  group  . 
G  we  have  three  of  the  two-cylinder,  three  and  four- 
plow  tractors  of  recent  but  possibly  not  of  the  latest 
design. 

For  comparison,  I  will  take  up:  First,  the  piston  dis- 
placement in  cubic  inches  per  minute,  for  each  14-in. 
plow  pulled. 

Second,  the  piston  displacement,  for  each  rated  100-!b. 
drawbar  pull. 

Third,  the  piston  displacement  for  each  rated  drawbar 
horsepower. 

Fourth,  the  weight  of  tractor  for  each  14-in.  plow 
pulled. 

Fifth,  the  weight  of  tractor  for  each  100-lb.  drawbar 
pull. 

Sixth,  the  weight  of  tractor  for  each  rated  drawbar 
horsepower. 

In  Gol.  9,  for  example,  tractor  A-1  has  a  piston  dis- 
placement of  147,250  cU.  in.  per  min.  for  each  14-in. 
plow  pulled.  Tractor  A-2  has  a  piston  displacement  of 
86,206  CU.  in.  per  min.  for  each  plow  pulled.    Tractor 
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A-3  has  a  piston  displacement  of  88,312  cil  in.  per  min 
for  each  plow  pulled. 

In  CoL  9  the  average  piston  displacement  of  the  three 
tractors  in  group  A  is  107,256  cu.  in.  per  min.  per  plow. 

The  average  piston  displacement  per  minute  per  ploni 
'  of  the  four  tractors  in  group  B  is  91,540,  or  about  15,000 
cu.  in.  less  than  in  group  A. 

The  average  piston  displacement  per  minute  per  plow 
of  the  three  tractors  in  group  G  is  85,771,  or  21,000  cu. 
in.  less  than  in  group  A.  The  two-cylinder  tractors  in 
group  C  have  less  displacement  per  minute,  or  less  power 
per  plow,  than  have  those  of  group  B,  the  four-cylinder 
machines  of  the  same  size. 

In  Col.  10,  group  A,  the  average  piston  displacement 
per  100  lb.  drawbar  pull  is  14,581  cu.  in.  per  minute.  In 
group  B  this  displacement  is  11,247  cu.  in.,  or  about  3300 
cu.  in.  less  than  the  corresponding  figure  for  group  A. 
In  group  C  the  displacement  is  12,164  cu.  in.,  so  that  the 
displacement  is  900  cu.  in.  more  than  that  in  group  B, 
and  2400  cu.  in.  less  than  that  in  group  A  per  100  lb. 
drawbar  pull. 

In  Col.  11,  group  A,  the  average  piston  displacement 
for  each  rated  drawbar  horsepower  is  25,846  cu.  in.  per 
minute.  In  group  B,  the  displacement  is  23,544  cu.  in. 
per  minute.  The  displacement  is  22,728  cu.  in.  in  group  G, 
so  that  the  four-cylinder  machines  in  group  B  have  700 
cu.  in.  more  displacement. 

In  Col.  13  the  weights  of  the  three  different  groups 
of  traders  are  compared.  The  average  weight  of  the 
three  large  tractors  in  group  A  is  21,866  lb. ;  the  average 
weight  of  the  four-cylinder  tractors  in  group  B  is  5150 
lb. ;  and  the  average  weight  of  those  in  group  C,  the  two- 
cylinder  tractors,  is  5800  lb.  or  650  lb.  more  per  tractor 
than  the  four-cylinder  machine.  The  average  drawbar 
pull  of  group  B  tractors  is  429  lb.  more  than  that  of  the 
group  0  two-cylinder  machine. 

In  Col.  14  are  compared  the  weights  for  each  14-in.  plow 
pulled.  The  average  weight  of  the  large  tractor  in  grouj 
A  is  2733  lb.  for  each  14-in.  plow  pulled. 

The  average  weight  of  the  group  B  tractors,  the  four- 
cylinder  three  and  four-plow  machines,  is  1593  lb.,  or 
nearly  1200  lb.  less  than  was  the  case  with  the  group  A 
tractors. 

The  average  weight  in  group  C  two-cylinder  tractors 
is  1815  lb.  for  each  14-in.  plow  pulled,  or  nearly  250  lb. 
more  than  for  the  average  four-cylinder  machine,  and 
about  1100  lb.  less  than  for  the  group  A  tractors. 
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In  Col.  15  we  come  to  the  comparative  weight  of  the 
tractor  for  each  rated  drawbar  horsepower.  In  the  large 
tractor  the  average  tractor  weight  is  681  lb.  for  each 
rated  drawbar  horsepower.  In  group  B  the  four- 
cylinder  tractor's  average  weight  is  374  lb. ;  and  in  group 
C  the  tractor  weight  for  the  two-cylinder  tractor  is  482 
lb.  for  each  drawbar  horsepower,  or  108  lb.  more  than 
for  group  B  and  200  lb.  less  than  for  the  group  A  tractors. 

Col.  16  gives  the  comparative  weight  for  each  100  lb. 
of  rated  drawbar  pull.  In  group  A  this  is  374  lb.;  in 
group  B  199  lb.,  or  75  lb.  less  than  was  the  case  for  group 
A;  in  group  C  the  average  is  258  lb.  of  tractor  weight 
for  each  100  lb.  of  drawbar  pull,,  or  58  lb.  more  than  for 
group  B  and  117  lb.  less  than  for  group  A. 

In  these  three  groups  of  tractors  the  highest  rate  of 
piston  travel  is  in  group  A  and  the  highest  revolutions 
per  minute  are  in  groups  B  and  C. 

Both  the  four-cylinder  and  two-cylinder  late  type  trac- 
tor show  a  wonderful  development,  especially  in  regard 
to  the  weight  per  plow  and  per  horsepower.  The  large 
tractor  should  weigh  ]ess  for  each  plow  and  for  100  lb. 
of  drawbar  pull  than  the  small  tractor  because  in  a  one 
or  two-plow  tractor  the  initial  weight  of  the  tractor  itself 
is  great,  as  it  is  distributed  over  only  one  of  two  plows. 
The  more  plows  we  have  to  take  this  weight,  the  less  the 
weight"for  each  plow. 

For  instance,  it  takes  an  initial  weight  of  from  1600  to 
2000  lb.  to  pull  one  14-in.  plow,  from  500  to  1000  lb. 
more  to  pull  two  plows,  and  from  300  to  700  lb.  additional 
to  pun  the  third  plow.  This  also  affects  the  power  or 
displacement  of  the  machine  itself. 

There  is  some  variation  in  these  average  figures,  which 
I  think  is  caused  by  the  fact  that  some  tractors  are  over- 
rated in  drawbar  horsepower  and  drawbar  pull,  while 
others  are  conservatively  rated.  As  a  rule,  the  four- 
cylinder  machine  is  in  a  higher  state  of  development  than 
the  two-cylinder  machine.  In  one  case  the  rated  draw- 
bar pull  is  almost  equal  to  the  entire  weight. 

There  is  a  question  as  to  how  far  we  can  go  in  reduc- 
ing the  weight  per  100  lb.  of  drawbar  pull  for  practical 
everyday  use  on  the  average  conditions  of  soil.  I  believe 
we  can  eventually  build  tractors  so  that  they  will  pull 
more  than  their  weight,  provided  the  speed  is  not  too 
high,  and  that  they  are,  as  it  were,  geared  to  the 
ground,  when  used  in  certain  sections  where  this  is  pos- 
?iible.     I  think  this  is  not  possible  for  average  conditions. 
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The  Future  of  the  Tractor 

There  is  a  big  field  in  certain  sections  and  for  certain 
uses  for  the  track-laying  machine,  but  the  wheel  machine 
will  be  the  popular  machine  and  the  big  seller  for  average 
agricultural  purposes. 

Tractor  engineers  have  been  severely  criticized  in  some 
cases  for  the  past  and  present  state  of  the  tractor,  with 
its  different  designs. 

From  now  on,  the  tractor  industry  will  advance  either 
through  natural  evolution,  the  right  tractors  succeeding 
and  the  wrong  gradually  dying  out,  or  by  the  tractor 
engineers  and  manufacturers  getting  together  and 
through  standardization  avoiding  failures  that  other- 
wise must  come  sooner  or  later. 

The  tractor  manufacturers  of  today  have  the  greatest 
opportunity  that  any  manufacturing  industry  has  ever 
had  in  the  history  of  the  world.  They  have  an  oppor- 
tunity to  carry  standardization  a  long  way  successfully 
and  with  little  resistance,  if  they  will  get  together,  work 
together,  and  through  the  Society  of  Automotive  En- 
gineers, assist  in  adopting  the  necessary  standards. 

It  has  been  said  that  the  automobile  manufacturers 
will  try  to  enter  the  tractor  industry.  They  are  going 
to  get  in,  and  personally  I  believe  that  the  sooner  they 
get  in  the  better,  although  they  will  probably  spend  for- 
tunes to  learn  just  what  many  of  us  have  alreadv  learned. 
The  automobile  manufacturer  has  four  great  advantages 
over  the  tractor  manufacturer. 

First,  he  has  the  money,  and  is  looked  up  to  by  the 
investor  as  a  successful  business  man. 

Second,  he  knows  how  to  get  production,  and  he  has 
the  organization  and  equipment  for  it. 

Third,  by  past  experience  with  the  autoiQobile  he  knows 
the  value  of  standardization,  and  will  help  to  standardize 
the  parts  of  tractors. 

Fourth,  he  has  learned  to  cut  out  petty  ideas,  and  to 
work  for  average  results. 

The  tractor  business  is  an  important  one.  It  is  going 
to  be  one  of  the  greatest  in  volume  of  any  one  business 
in  the  world.  The  tractor  means  more  to  the  general 
happiness  and  welfare  of  mankind  than  any  other  ma- 
chine that  has  ever  been  brought  out.  It  is  going  to 
entirely  change  the  farm  power  of  all  the  world,  and, 
further,  it  will  revolutionize  farming  itself;  better 
methods  will  mean  more  food  for  the  world  at  far  less 
cost. 
'  Considering  the  state  of  the  tractor  industry  at  this 
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time,  the  inability  of  the  companies  to  produce  tractors 
fast  enough,  and  the  quality  of  the  tractors  turned  out, 
I  believe  that  the  Government  should  design  and  build  a 
"Liberty"  tractor  to  be  manufactured  by  it  during  the 
war  and  to  be  open  to  any  company  to  make,  or  to  adopt 
any  part  of,  after  the  war.  The  corps  of  engineers  that 
design  and  build  this  machine  should  have  instructions 
to  do  no  experimenting,  but  to  follow  the  lines  of  the 
best  in  the  tractor  as  it  is  today. 

This  move  would  do  more  to  bring  about  standardiza- 
tion and  the  eventual  tractor  than  any  other  that  could 
possibly  be  made.  It  will  result  in  great  good  to  all  and 
especially  to  the  tractor  manufacturer.  The  war  has 
already  demonstrated  the  necessity  and  advantages  of 
standardization  of  other  machines.    Why  not  the  tractor? 


THE  DISCUSSION 

H.  L.  Horning  (M.  S.  A.  E.) :— It  seemed  to  be  the 
consensus  of  opinion  of  the  members  of  the  S.  A.  E.  in 
Washington  that,  although  they  had  participated  in  the 
standardization  of  two  of  the  notable  mechanical  achieve- 
ments of  the  war,  namely  the  Liberty  engine  and  the  mo- 
tor truck,  the  tractor  industry  was  not  old  enough  to 
submit  to  the  process  of  standardization.  It  appears  that 
only  about  5  to  7  per  cent  of  the  potential  tractor  market 
has  yet  been  filled  by  tractors,  and  if  that  is  true,  we 
have  not  even  5  to  7  per  cent  of  the  knowledge  that  will 
be  available  in  regard  to  tractors. 

Time  Not  Ripe  for  Standardization 

We  are  just  starting  on  the  era  of  great  things  for 
the  tractor.  It  seems  to  me  there  never  was  a  body  of 
men  who  realized  the  value  of  standardization  and  its 
proper  application  as  this  Society  does.  I  would  deplore 
greatly  our  attempting  to  go  too  far  at  this  time  in 
standardizing  the  tractor,  but  I  hope  that  no  one  will 
take  my  remarks  to  mean  that  we  should  not  go  as  far 
as  possible  and  as  fast  as  possible  in  the  standardization 
of  numerous  parts  going  to  make  up  tractors. 

President  Kettering: — Mr.  Strite  spoke  about  those 
in  the  automobile  field  going  into  the  tractor  business. 
There  is  one  thing  they  have  got  to  learn — that  a  tractor 
pulling  three  plows  does  not  coast  very  much  of  the  time. 

Mr.  Ford  once  said  to  me,  "I  didn't  think  there  was  so 
much  difference  between  an  automobile  engine  and  b 
tractor  engine."  I  do  not  believe  he  has  found  out  all 
the  differences  yet. 
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Keeping  Duet  Out  of  Carbureten 

P.  J.  Dasey: — From  my  point  of  view,  that  of  the 
engine  business,  the  thing  of  importance  to  the  internal- 
combustion  engine  industry  and  all  those  associated  with 
it,  is  to  devise  some  way  of  keeping  sand  and  fine  silicate 
dust  out  of  the  carbureters.  Otherwise  it  will  be  of  little 
use  to  standardize  anything  for  tractors. 

The  second  improvement  needed  is  a  positive  governor 
that  will  control  speeds  within  practical  working  limits. 
One  idea  today  se^ns  to  be  to  install  the^as  engine 
regardless  of  the  tractor,  overload  the  tractor  to  the 
limit,  run  the  speed  up  beyond  what  the  tractor  was  orig- 
inally built  for,  raise  the  engine  speed  beyond 
its  extreme  limit,  and  then  blame  the  engine  manufac- 
turer for  what  happens.  The  engine  should  be  suf- 
ficiently large  to  do  the  work  without  being  run  at  the 
extreme  limit. 

By  following  these  two  suggestions  the  gas-engine 
tractor  will  be  put  on  a  much  sounder  basis.  Otherwise 
I  think  we  are  going  to  see  the  red  flag  of  revolt  go  up 
and  steam  becoming  the  prevailing  power. 

R.  E.  Davis  (M.  S.  A.  E.) :— There  is  still  a  wide  gulf 
between  the  automobile  engineer  and  the  tractor  en- 
gineer. Each  can  learn  something  from  the  other.  The 
automobile  engineer  has  learned  through  years  of  prac- 
tice to  inclose  the  parts,  and  as  far  as  possible  to  lubri- 
cate them  automatically;  in  other  words,  to  do  away 
with  the  numerous  grease  cups  which  require  attention, 
and  make  the  tractor  so  that  it  will  take  care  of  itself. 

The  farmer's  policy  of  lubrication  ^s  "let  it  squeak  for 
oil  first."  We  ought  to  provide  a  means  of  automat- 
ically taking  care  of  lubrication.  The  farmer  is  in  a 
rush  in  the  busy  season  and  he  will  neglect  to  tighten  the 
grease  cups.  From  some  of  the  tractor  designs  I  have 
seen  I  would  not  blame  him  if  he  did. 

PREsroENT  Kettering: — In  studying  this  tractor  situa- 
tion it  seems  to  me  that  we  have,  in  addition  to  a  great 
mechanical  problem,  one  of  the  greatest  psychological 
problems.  There  is  little  use  in  starting  out  to  educate 
the  farmer  by  printing  an  instruction  book.  We  should 
make  the  tractor  so  that  he  will  not  have  to  study  it  out. 

Tractor  Weight  and  Fuel  Economy 

£rnest  Goldberger: — The  law  of  averages,  as  a  prin- 
ciple for  finding  the  truth  from  catalogs  of  tractors 
on  the  market,  fails  completely  in  any  problem  of  tractor 
engineering  as  in  any  branch  of  human  activity  that  is 
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still  groping  its  way  in  the  dark*  In  the.  early  dawn 
of  tractor  design,  farmers  with  insufficient  engineering 
and  manufacturing  experience,  and  automobile  engineers 
with  only  a  hasty  consideration  of  the  farmers'  needs, 
started  to  build  tractors  from  opposite  ends;  hence  the 
variety  of  sizes,  types  and  weights.  It  is  a  mistake  to 
suppose  that  a  tractor,  containing  features  obtained  by 
averaging  those  of  tractors  already  on  the  market,  would 
present  the  progressive  features  for  which  there  is  such 
need  at  the  present  time. 

"^o"the  qi^stion,  "How  many  pounds  pull  per  100  lb. 
weight  should  a  tractor  develop  at  the  drawbar?"  almost 
any  figure  from  10  to  100  would  be  found  to  apply  to 
the  types  on  the  market,  and  yet,  with  the  exception  of 
what  the  size  of  a  tractor  should  be,  this  is  the  most 
important  question  for  the  manufacturer  to  know.  That 
all  these  tractors  have  traction  to  a  certain  extent  cannot 
be  denied;  therefore,  the  problem  reduces  itself  to  a 
question  of  economy.  By  reducing  the  weight  of  the 
tractor  the  fuel  economy  is  necessarily  increased,  but  on 
the  other  hand  the  cost  of  material,  that  is,  the  initial 
cost  of  the  tractor  is  increased.  What  is,  then,  the  most 
economical  weight? 

Suppose  we  consider  three*  types  of  tractors:  The 
heavy-wheel  tractor  which  gets  its  traction  mostly  due  to 
adhesion  (friction)  or  lugs  (not  higher  than  1^  in.) ; 
the  light-weight  tractor,  which  gets  its  traction  from  the 
paddlewheel  effect  of  the  high  spikes  or  grouters,  which 
sink  into  the  ground,  hold  the  wheel  for  a  while,  and,  in 
revolving,  plow  a  shovelful  of  ground  with  every  grouter; 
and,  finally,  the  creeper  type,  which  again  gets  traction 
mostly  by  adhesion,  but  sinks  less  into  the  ground. 

German  Motor-Plovnng  Contest 

At  one  of  the  most  scientific  motor-plowing  contests 
that  I  know  of  (Klein-Wanzleben  in  Germany  in  1913), 
in  which  both  European  and  American  tractors  of  all 
types  were  well  represented,  every  tractor  was  hauled 
over  the  field  and  the  required  pull  and  its  weight  com- 
pared. The  ofiicial  report  (published  in  Motorwagen, 
July  20,  1914)  may  be  considered  reliable,  as  it  was 
published  before  the  war. 

The  results  were: 

1  Creeper  tractor  (American,  one  only)  required  a 
pull  of  11.1  per  cent  of  its  weight  for  propulsion. 

2  Heavy-wheel  tractors  required  from  16.1  to  19.4 
per  cent. 
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3  Light-weight  tractors  (all  German  make)  required 
from  17.2  to  21.9  per  cent. 

Assuming  as  correct,  averages  of  11.1  per  cent  for 
creepers,  17.7  per  cent  for  adherence  wheel  tractors,  and 
20  per  cent  for  paddlewheel  tractors,  and  assuming  far- 
ther a  speed  of  2.5  m.p.h.,  a  tractor  life  of  4500  hours 
of  work,  a  fuel  consumption  of  0.75  lb.  of  gasoline  per 
hp-hr.,  and  a  cost  of  $0.20  per  gal.  for  gasoline  pro- 
portionate cost  of  oil  included),  we  find  that,"  if,  by  sav- 
ing one  pound  of  tractor  weight  we  do  not  increase  the 
total  cost  of  the  above  three  types  of  tractors  (due  to  use 
of  higher  grade  and  lighter  material)  any  more  than  8, 
12.8  and  14.5  cents  respectively,  then  it  is  advisable  to 
save  as  much  weight  as  possible  from  an  economical  point 
of  view. 

The  above  takes  into  consideration  the  relation  be- 
tween weight  of  tractor  and  fuel  consumption,  which  is 
the  main,  but  not  the  only,  item  affected  by  the  weight 
of  a  tractor. 

The  above  figures  are  not  of  final  reliability,  but  I  give 
them  in  order  to  illustrate  my  proposed  method  of  attack 
and,  to  emphasize  how  important  it  is  to  have  experi- 
ments conducted  along  this  line  and  made  public  property. 

Fewer  Papers  and  More  Discussion 

L.  J.  Monahan: — The  meeting  brought  out  the  fact 
that  not  over  one  or  two  papers  at  the  most  should  be 
permitted  for  an  afternoon,  and  more  complete  discus- 
sion should  be  encouraged.  The  trend  of  the  papers  be- 
cause of  practically  no  discussion  was  toward  the  four- 
wheel,  two  rear-drive  wheel  type. 

Other  types  not  referred  to  at  all  are  running  the 
four-wheel  a  hard  pace  in  the  market.  The  two-drive 
unit  track-layer  is  gaining  in  popularity  and  the  two- 
wheel  universal  type  has  developed  a  large  market. 

The  business  is  not  in  shape  as  yet  to  consider  stand- 
ardization of  one  universal  type.  At  the  same  time,  a 
short  discussion  by  a  majority  of  the  members  present 
would  aid  in  establishing  a  composite  of  opinions  which 
in  turn  would  show  the  drift  the  engineering  aspect 
may  be  expected  to  take. 

It  would  seem  that  a  general  engine  type  with  standard 
mountings  could  be  settled  upon,  as  well  as  a  final  drive, 
also  a  standard  transmission  mounting  applicable  to  the 
four-wheel,  two-drive  wheel,  and  two-drive  track-laying 
type.  It  is  beginning  to  look  as"  though  the  track- 
laying  type  could  be  easily  standardized  in  the  simple 
two-track-drive  without  any  separate  front  support.    The 
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four-wheel  type  can  easily  be  standardized  and  the  two- 
wheel  type  shows  a  development  which  would  not  appear 
to  require  radical  changes  in  the  future;  hence  there  is  nO 
reason  why  it  could  not  be  standardized  as  a  type.  The 
vertical  multiple-cylinder  or  opposed  double-cylinder  en- 
gine for  this  type,  however/  is  unsettled. 


FXJNDAMENTALS  OF  TRACTOR  ENGINE 
DESIGN 

By  H   C  BUFFINGTON* 

The  jsubject  of  tractor  engine  design  seems  simple  at 
first  thought,  and  immediately  the  general  outline  of  a 
four  or  six-cylinder  engine  flashes  through  one's  mind. 
We  picture  a  smooth  iron-clad  masterpiece  solidly  mounted 
upon  the  frame  of  a  "racy"  looking  tractor.  We  do  not 
at  first  consider  the  carbureter,  magneto  and  other  con- 
trivances necessary  to  make  it  run. 

Presently  we  ask  ourselves,  What  are  the  essentials  of 
a  successful  tractor  engine ;  what  have  we  gathered  from 
actual  experience,  and  not  from  theory?  What  I  have  in 
mind  is  not  an  engine  of  high  speed  and  light  construc- 
tion, nor 'is  it  a  heavy  one  or  two-cylinder  engine;  it  is 
a  four-cylinder,  with  certain  elements  of  construction 
which  from  experience  have  proved  their  worth.  These 
elements  of  vital  importance  are  the  ones  upon  which  I 
shall  dwell. 

Crankshaft — This  is  the  essential  element  around 
which  the  engine  is  constructed  and  therefore  deserves 
first  consideration.  Too  often  this  part  has  been  neg- 
lected in  the  fight  for  lightness  and  cheapness.  Per- 
sonally I  prefer  the  three-bearing  shaft.  There  are, 
however,  some  points  in  favor  of  the  two-bearing  type, 
in  that  the  two  center  cylinders  can  be  placed  more 
closely  together.  Doing  away  with  one  bearing  is  an 
advantage,  but  on  the  other  hand  a  heavy  shaft  is  neces- 
sary and  generally  speaking  the  three-bearing  type  is  best 
suited  for  large  engines. 

The  crankshaft  stress  should  not  exceed  12,000  lb.  per 
sq.  in.  for  a  300-lb.  per  sq.  in.  explosion  pressure.  This 
will  give  a  good  solid  shaft  free  from  the  vibration  so 
destructive  to  bearings. 

Crankpin  Bearings— A  good  proportion  for  the  crank- 

•Motor  Engineer,  Minneapolis  Steel  St  Machinery  Co. 
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pin  bearings  is  to  take  67  per  cent  of  the  cylinder  diame- 
ter for  the  pin  diameter  and  1.2  of  the  resulting  diameter 
for  the  length.  This  will  give  a  projected  bearfng  area 
of  half  the  cylinder  area,  thus  keeping  the  pressure  down 
to  600  lb.  per  sq.  in.,  using  the  300-lb.  explosion  pressure. 
The  main-bearing  stress,  starting  from  the  front  end, 
should  not  exceed  400  lb.  per  sq.  in.,  400  lb.  for  the  center 
and  260  lb.  for  the  rear,  taking  the  centers  of  the  bear- 
ings as  the  points  of  reaction.  The  rear  bearing  pres- 
sure is  low,  but  this  is  necessary  to  take  care  of  the  extra 
pressure  caused  by  the  transmission  shaft  if  it  happens 
to  be  out  of  line  with  the  engine,  which  is  often  the  case. 


Pio.  1  —  Ii-Hbad  Ctlindir 

WITH   Hbad  Parting   Plans 

Abovb  Piston  Facb 


FlO.    2  —  Ii-HkAD  CTLTNDBt 

WITH   Head  Parti  no   Plans 
Slightly  Bklow  Piston  Facb 


Removable  Head — ^Whether  the  cylinders  should  be  of 
the  L-head  or  valve-in-the-head  type  is  a  matter  of  choice. 
Those  who  prefer  the  L-head  perhaps  use  it  because,  as 
I  heard  it  expressed,  "it  is  a  good  old  family  horse."  On 
the  other  hand,  the  valve-in-the-head  is  chosen  by  the 
more  particular,  who  do  not  want  to  be  outdone  on 
points  of  efficiency.  The  cylinder  head  should  part  in 
line  with,  or  a  little  below,  the  top  of  the*  piston  and 
not  above,  as  the  latter  method  makes  it  hard  to  clean; 
and  the  piston  cannot  be  removed  without  first  remov- 
ing the  carbon  from  the  cylinder  walls.  There  are  sev- 
eral important  reasons  why  the  removable  head  should 
be  classed ^as  essential;  for  example,  the  possibility  of 
cleaning  carbon,  grinding  valves,  doing  away  with  the 
troublesome  valve-cover  plug  or  valve  cage,  and  making 
it  possible  to  adjust  the  compression  for  high  altitude. 
Figs.  1,  2,  3  and  4  show  this  difference  and  also  illustrate 
how  the  adjustments  for  different  compressions  can  be 
taken  care  of  much  more  easily.  Many  tractors  are 
working  in  altitudes  as  high  as  8000  ft.  and  the  changing 


Digitized  by  VjOOQIC 


210 


THE   SOCIETY  OF   AUTOMOTIVE  ENGINEERS 


of  the  head  is  a  simple  matter  as  compared  with  the 
changing  of  pistons. 

Water  Jackets — The  water  space  around  the  head 
should  be  liberal,  as,  unlike  the  automobile  engine,  a 
maximum  load  must  be  expected  for  a  period  of  hours. 
An  even  thickness  of  combustion-chamber  walls  is  essen- 
tial for  the  same  reason,  and  means  for  checking  up  the 
thickness  should  be  seriously  considered.  If,  for  in- 
stance, there  be  a  hot  spot  in  one  cylinder,  the  carbureter 
must  be  adjusted  for  that,  or  the  result  will  be  disas- 
trous, causing  either  preignition  in  one  cylinder  or  exces- 
sive fuel  leakage  past  the  other  three  pistons. 


Kio.  3 — Valvb-in-Hbad  Cyl- 
inder WITH  Head  Parting 
Plane    Asovp    Piston    Pace 


Fig.  4 — Valvb-in-Hbad  Cyl- 
inder. Head- Parting  Plank 
Slightly  Below  Piston  Face 


Long  Stroke  Preferable — Theoretically,  a  tractor  en- 
gine should  not  be  pulled  down  below  normal  speed,  but 
this  is  often  done;  in  fact,  at  least  50  per  cent  of  the 
time  the  oi^erator  will  have  his  engine  overloaded.  For 
this  reason  the  stroke  should  be  at  least  1.4  times  the 
cylinder  bore.  The  long-stroke  engine  is  also  desirable, 
because  the  difference  between  the  engine  speed  and 
that  of  the  final  drive  is  not  so  great,  and  it  is  more  con- 
venient in  minimizing  the  transmission-gear  diameters. 

Flywheel — ^The  transmission  itself  has  a  great  deal  to 
do  with  determining  the  flywheel  capacity,  and  the  higher 
the  efficiency  of  the  transmission,  the  greater  should 
be  the  increase  in  the  flywheel  energy.  The  less  efficient 
transmission  acts  as  a  shock  absorber  and  decreases 
the  shock  on  the  crankpins,  while  on  the  other  hand  the 
shock  is  transmitted  almost  directly  to  the  crankshaft. 
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It  can  then  readily  be  seen  why  some  engines  with  small 
flywheels  do  not  have  half  a  chance  to  stand  up.  In  cal- 
culating the  flywheel  dimensions,  double  the  horsepower 
should  be  taken  with  an  allowance  of  10  per  cent  variation 
in  speed. 

Speed  Governing — The  control  on  the  engine  should  be 
such  as  to  limit  the  speed  to  about  10  per  cent  above 
normal. 

Engine  Rating  foi'  Kerosene — This  should  be  based  on 
800  ft.  per  min.  piston  speed,  and  not  be  over  75  per 


Fia.     5 — UNSATISrACTORT    LOCATION     OF     SPARK-PlUQ     WhBRB     It     1h 
SupjBCT  TO  IlCPINOSMBNT  OF  LUBRICANT 
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ceot  of  the  engine's  maximum  capacity  with  gasoline. 
Laboratory  tests  have  shown  that  the  power  output  with 
kerosene  is  within  8  per  cent  of  that  with  gasoline, 
but  this  cannot  be  expected  under  actual  working  condi- 
tions. I«!. 

Fuel  E^conomy— When  pulling  its  rated  load  before 
leaving  the  test  block  a  tractor  engine  should  not  use 
more  than  one  pint  of  kerosene  per  horsepower-hour. 
This  fuel  should  have  a  gravity  not  lower  than  42  deg. 
Baum£,  and  an  open  flashpoint  of  not  over  120  deg.  fahr. 

Engine  builders  today  are  at  a  disadvantage  in  not 
having  a.  standard  fuel  with  which  to  develop  their 
product.  I  suggest  that  the  Society  establish  a  standard 
kerosene  and  a  standard  gasoline. 

Manifold  Heat-Control  Eaaential — One  reason  why  it 
is  difficult  to  run  tractors  successfully  on  kerosene  in 
the  country  is  the  grade  of  kerosene  used  in  small 
towns.  This  kerosene  might  be  termed  lamp  oil,  and 
although  the  specific  gravity  is  not  so  low,  the  open 
flashpoint  is  very  high.  In  order  to  vaporize  this  fuel 
for  use  in  engines,  it  must  be  heated  to  a  very  high 
temperature,  which,  of  course,  reduces  the  power  output. 
This  fuel  gives  a  very  good  light,  and  there  is  no  danger 
of  it  exploding,  but  it  costs  more  than  the  so-called  dis- 
tillate, which  in  most  cases  is  an  excellent  fuel. 

This  point  pertaining  to  difference  in  fuels  is  men- 
tioned to  emphasize  the  necessity  of  controlling  the  heat 
between  the  carbureter  and  cylinders. 

When  it  is  necessary  to  use  water  with  the  fuel,  the 
control  of  the  former  should  be  automatic,  because  it  is 
our  experience  that  the  fanner  has  had  considerable 
trouble  during  the  first  few  weeks'  use  of  engines  not 
having  automatic  control  of  water. 

Spark-Plug  Location — I  have  often  been  instructed  as 
to  the  proper  location  of  the  spark-plug,  but  after  many 
experiments  and  sad  experiences,  have  proved  that  the 
trouble  in  securing  such  a  location  is  due  largely  to 
lubrication. 

Without  doubt  50  per  cent  of  magneto  troubles  will 
be  avoided  by  placing  the  spark-plug  properly,  and  yet 
engines  are  designed  without  attempting  to  determine 
this.  Without  hesitation  the  designer  will  place  it  over 
the  intake  valve  on  an  L-head  engine  or  on  the  intake 
side  of  the  valve-in-the-head  type.  Spark-plugs  should 
not  be  placed  near  the  line  of  the  cylinder  bore,  where 
oil  from  the  piston  will  splash  on  them  (see  Fig.  5), 
or  in  line  with  the  intake  gases  when  using  kerosene 
as  fuel.    A  careless  operator  will  use  either  too  much 
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fuel  or  too  much  water  with  the  fuel,  and  improper 
ignition  will  result  when  the  plug  is  directly  in  the  path 
of  the  gas  flow. 

The  direction  of  the  crankshaft  rotation  will  some- 
times make  it  necessary  to  shift  the  plug  to  the  opposite 
side,  because  the  excessive  oil  (Fig.  5)  thrown  from  the 
crankshaft  will  always  lodge  on  one  side  of  the  cylinder. 
If  the  plug  is  on  this  side  or  in  line  with  this  side,  it 
will  become  fouled  much  more  quickly.  The  location 
over  or  near  the  exhaust  valve  has  often  been  criticized, 
but  aside  from  the  fact  that  the  spark-plug  itself  will 
have  to  be  ^replaced  more  often,  this  is  the  most  reliable 
position. 


Fia.  6 — FiJEXiBUB  CoNNVcnoN  Bstwbbn  Enoinis  and  Transmission 

A — Flywheel,  B — Clutch-Driving  Spider,  C — Stub  Shaft  Extension, 

D — Flexible  Driving  Pin,  E — Flange  of  Transmission  Shaft 

Lubrication — The  tractor  engine  furnishes  the  hard- 
est lubrication  problem  in  engine  design  at  present,  and 
will  continue  to  do  so  until  a  better  method  of  using 
kerosene  as  fuel  is  employed.  An  excellent  oiling 
system  has  been  developed  for  the  automobile,  but  it  has 
turned  out  to  be  a  miserable  failure  when  used  with 
kerosene  under  actual  working  conditions  in  the  field. 

We  dislike  to  throw  aWay  lubricating  oil,  and  every 
effort  should  be  made  to  prevent  such  loss.  It  is  cheaper, 
however,  to  use  the  lubricant  once  only,  and  then  let 
it  drain  from  the  crankcase,  than  to  cause  the  deteriora- 
tion of  the  engine  by  too  great  economy  of  oil.  Time  is 
lost  in  making  adjustments  and  repairs  caused  by  the 
used-over  oil,  as  it  gradually  becomes  thinned  by  the  fuel 
passing  the  pistons.  The  most  reliable  method  of  lubri- 
cation is  to  force  fresh  oil  to  each  moving  part,  crankpin 
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bearing,  main  and  camshaft  bearings,  gears  and  cylin- 
ders, and  then  drain  it  into  a  reservoir  from  which  it  is 
drawn  from  time  to  time. 

Every  care  should  be  taken  to  clean  the  air  drawn 
through  the  carbureter  and  breather.  The  oil  supplied 
the  crankpin  must  pass  through  a  drilled  hole,  so  that 
any  dust  entering  the  crankcase  wih  gradually  pack  and 
clog  the  passages.  Any  method,  whether  force  or 
splash,  in  which  oil  is  used  twice,  will  cause  rapid  wear. 
This  is  not  the  case  with  carefully  operated  engines,  but 
we  cannot  expect  unusual  dare  from  the  average  operator. 

Accessibilit'if — Handholes  placed  in  the  side  of  the 
crankcase,  so  that  the  bearings  can  be  inspected,  are  quite 
necessary  and  the  base-pan  should  be  light  and  easily  re- 
movable. Every  provision  should  be  made  to  have  wear- 
ing parts  so  placed  as  to  be  easily  removed  and  to  avoid 
crowding  small  huts  into  comers  and  out-of-the-way 
places. 

Engine  Mounting — In  conclusion,  I  wish  to  Hay  a  word 
about  mounting  to  the  tractor  designer;  this  may  not 
relate  to  the  essentials  of  engine  design,  but  is  necessary 
to  the  success  of  its  operation. 

Every  effort  should  be  made  to  have  the  engine  acces- 
sible, not  only  on  the  carbureter  side  but  all  around, 
especially  to  allow  clearance  underneath.  Allow  plenty 
of  room  for  removing  the  base-pan;  if  possible  avoid 
fastening  tractor  parts  to  cap  screws  and  nuts  used  in 
fastening  engine  parts,  especially  to  the  cylinder-head 
bolts.  This  only  tends  to  discourage  the  operator  in  mak- 
ing necessary  adjustments. 

I  cannot  lay  too  much  stress  upon  the  importance  of 
having  a  flexibile  connection  between  the  engine  and  the 
transmission  drive-shaft.  It  has  been  necessary  to  pro- 
vide extra  large  bearings  at  the  flywheel  and  to  take  care 
of  the  vibratioQ  caused  by  the  transmission  and  engine 
shaft  being  out  of  line,  but  this  destructive  feature  can 
be  remedied.  I  suggest  that  a  self-contained  clutch  be 
mounted  upon  a  stub  shaft  bolted  to  the  flywheel  flange 
bolts,  and  also  that  a  flexible  coupling  be  placed  between 
the  clutch  and  the  transmission.  This  construction,  Fig. 
6,  not  only  takes  the  extra  pressure  off  the  crankshaft, 
but  also  allows  the  transmission  bearing  to  run  freely. 

THE  DISCUSSION 
R.  E.  Davis  (M.  S.  A.  E.) :— The  old  type  of  heavy  trac- 
tor has  the  fault  of  being  open  and  having  too  many  places 
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that  require  attention.  I  refer  to  the  open  valves  which 
are  subject  to  showers  of  dust  under  the  average  field 
working  conditions.  This  shortens  their  life  greatly, 
far  more  than  one  might  expect.  On  the  other  hand,  the 
average  automobile  type  of  tractor  engine,  as  we  might 
call  It,  is  inclined  to  be  too  ''skimpy''  in  the  bearings,  and 
as  the  paper  just  read  has  brought  out,  sufScient  atten- 
tion is  not  given  to  lubrication.  If  we  could  combine  the 
idea  of  large  bearings  and  inclosed  construction  to  keep 
out  dirt,  with  maintaining  a  generous  film  of  oil,  the  life 
of  the  tractor  would  be  prolonged  anywhere  from  three  to 
five  years ;  this  applies  especially  to  the  valves,  which  are 
vital  parts  of  the  tractor  and  is  particularly  true  of  the 
horizontal  valve  which  tends  to  rub  continually  against 
one  side  of  the  stem  guide  and  chafe  the  seat  at  every 
stroke. 

Fuel  Pboblem 

Thomas  J.  Litle: — I  believe  that  the  biggest  problem 
today  in  tractor  engine  design  is  the  fuel  problem.  We 
are  trying  to  use  kerosene  in  gasoline  engines  and  are  not 
succeeding  very  well,  because  we  hear  of  the  dilution  of 
crankcase  oil  and  consequent  destruction  of  the  bear- 
ings. When  we  try  to  use  kerosene  in  the  old-type  gaso- 
line engine,  and  send  fuel  into  the  intake  passages  in  the 
form  of  a  rainstorm,  a  great  deal  of  it  drops  out,  much 
of  all  that  gets  into  the  cylinders  never  bums  but  merely 
•wets  the  cylinder  walls  and  is  forced  down  by  the  rings. 
The  real  fuel  problem  is  to  gasify  or  vaporize  the  fuel 
before  using  it.  Not  only  kerosene,  but  a  great  many 
other  fuels  are  going  to  be  used  after  this  war.  I  have 
been  spending  all  my  time  for  the  last  two  months  inves- 
tigating this  very  problem.  Alcohol  and  benzol  and  mix- 
tures of  the  two,  and  a  good  many  other  engine  fuels 
will  be  employed,  but  the  engine  designer  must  not  leave 
it  all  to  the  carbureter  manufacturer.  He  must  bear  this 
in  mind  and  avoid  abrupt  turns  in  the  intake  passages 
because  the  fuel  cannot  be  sent  around  too  many  comers. 

J.  C.  Slonnbger  (M.  Sl  A.  E.) :— The  company  I  am 
with  has  not  yet  attempted  to  solve  the  kerosene  problem, 
and  I  am  not  in  position  to  speak  about  it.  A  really  sue 
cessful  tractor  engine  has  not  been  built  to  burn  even 
gasoline,  and  we  are  merely  adding  to  our  troubles  in 
attempting  to  bum  kerosene.  I  am  sure  that  if  the  manu- 
facturers of  tractors  would  try  to  solve  the  problem  of 
burning  gasoline  satisfactorily,  and  go  after  it  with  a.« 
much  energy  as  the>'  have  after  kerosene,  we  would  have 
a  much  better  tractor  engine  today. 
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Encouraging  Alcohol  Manufacture 

G.  L.  Lewis  (M.  S.  A.  E.) :— The  war  is  bringing  us 
face  to  face  with  a  problem  that  might  have  been  held 
off  for  another  generation,  but  the  enormous  demand  for 
fuel  oils  has  increased  by  leaps  and  bounds,  until  it  is 
reported  there  will  be  a  shortage  of  over  1,800,000  bbl. 
this  year.  It  is  also  reported  that  the  Standard  Oil  Com- 
pany took  out  of  its  reserve  over  830,000  gal.  of  gasoline 
last  year. 

In  the  development  of  our  internal-combustion  engine 
the  minutest  details  have  been  gone  into  microscopically, 
so  to  speak,  and  with  the  greatest  amount  of  criticism, 
that  we  might  make  an  engine  as  nearly  perfect  as  possi- 
ble, yet  we  have  considered  the  fuel  supply  only  indiffer- 
ently, or  only  as  it  was  forced  upon  us.  We  have  scarcely 
concerned  ourselves  about  the  source  of  supply -or  per- 
manency of  the  supply.  When  some  far-seeing  mind  at- 
tempted to  bring  up  legislation  whereby  a  substitute 
could  be  manufactured,  a  strong  lobby  immediately  set 
to  work  to  defeat  the  measure. 

The  time  is  opportune  and  ripe  for  the  Society  of 
Automotive  Engineers  to  turn  its  attention  to  alcohol 
legislation.  I  think  it  is  our  patriotic  duty  to  assist  in 
forcing  Congress  to  pay  heed  to  the  needs  of  the  people. 
Now  is  the  time  to  enact  laws  authorizing  the  manufac- 
ture of  alcohols  so  that  relief  from  the  high  cost  of  fuel 
can  be  had  in  the  home  as  well  as  in  the  engine  industry. 

The  world  is  in  a  critical  condition,  and  we  should  de- 
velop our  artificial  as  well  as  our  natural  resources,  for 
which  we  have  an  unlimited  supply  of  raw  materials. 
There  is  scarcely  a  house  in  the  land  that  does  not  throw 
away  enough  raw  material  to  heat,  light  and  cook  with,  if 
proper  legislation  were  enacted.  Convert  our  garbage 
plants  into  alcohol  stills,  and  the  utilization  of  this  now 
waste  material  would  be  worth  millions  to  our  Nation. 

Oliver  E.  Barthel  (M.  S.  A.  E.) :— There  is  appar- 
ently a  lack  of  understanding  of  the  fundamental  princi- 
ples underlying  the  proper  design  of  a  tractor  engine. 
This  was  evident  at  the  Fremont  demonstrations  last 
summer  in  the  absence  of  a  single  example  of  good  tractor 
engine  design  in  any  tractor  exhibited. 

Automobile  Engines  Unsuitable  for  Tractors 

There  were  some  tractors  at  Fremont  eouipped  with 
engines  that  were  excellent  examples  of  good  automobile 
and  truck  engine  design,  but,  strange  as  it  may  seem,  the 
engine  builders  and  tractor  makers  are  deceiving  tbem- 
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selves  into  believing  that  they  can  "get  by"  with  the 
coaster  type  engine,  designed  to  operate  under  full  load 
less  than  25  per  cent  of  the  time. 

Engineers  and  designers  accustomed  to  designing 
automobile  and  truck  engines  along  lines  regarded  as 
standard  practice  seem  to  lose  sight  of  the  fact  that 
so-called  standard  practice  is  the  result  of  the  empirical 
or  trial  method,  and  for  economic  reasons  has  been  con- 
^siderably  modified  from  time  to  time  to  reduce  weight 
and  to  meet  economical  quantity  production  methods.  It 
is  true  that  trial  and  experience  have  determined  ap- 
proximately both  rational  and  empirical  formulas  for  the 
most  essential  parts  of  automobile  and  truck  engines 
and  from  existing  envine  constants  have  been  derived 
and  more  or  less  conveniently  arranged  for  designers' 
use.  It»  however,  does  not  follow  that  formulas  which 
have  proved,  satisfactory  for  the  type  of  engine  required 
to  operate  under  full  load  only  a  small  part  of  the  time 
should  be  followed  in  designing  an  engine  to  operate 
under  full  load  the  greater  part  of  the  time. 

In  designing  an  engine  for  a  different  service,  such 
as  for  a  tractor,  it  is  necessary  to  go  back  to  first  prin- 
ciples in  machine  design  and  develop  formulas,  rather 
than  assume  that  existing  formulas  on  automobile  or 
truck  engine  design  should  apply  equally  well  to  tractor 
engine  design. 

Reserve  Power 

I  venture  to  say  that  the  selection  of  the  ultimate 
type  of  tractor  engine  will  not  be  determined  by  its 
prevalence  on  automobiles  or,  by  any  stretch  of  the  im- 
agination, that  the  tractor  should  be  camouflaged  to  sug- 
gest the  one  non-essential  attribute  of  a  tractor,  namely 
racing  speed.  As  to  number  of  cylinders,  the  deter- 
mining factor  is  the  minimum  piston  area  permissible  per 
cylinder  at  normal  speed  for  the  drawbar  pull  required. 
In  other  words,  the  cylinders  must  be  of  sufiicient  di- 
ameter to  provide  for  the  sharp  momentary  overloads 
that  the  tractor  will  be  subjected  to  from  time  to  time 
while-  operating  under  full-load  conditions  at  normal 
speed.  Reduced  to  a  practical  basis,  it  means  that  a 
tractor  whose  drawbar  pull  requires  an  engine  of  about 
26  b.hp.  or  under  must  necessarily  be  of  the  two -cylinder 
type  in  order  to  have  sufficient  reserve  energy  to  over- 
come a  suddenly-applied  overload,  while  tractors  re- 
quiring engines  of  over  26  b.hp.  are  best  served  by  the 
four-cylinder  type. 
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Ttoty-CyUnder  Engines 

H.  L.  Horning  in  his  paper  on  "The  Ultimate  Type  of 
Tractor  Engine"*  enumerates  the  difficulties  inherent 
in  the  design  of  two^ylinder  opposed  engines  as  follows : 

1 — The  tendency  of  the  shaft  to  revolve  longitudinally 
in  the  plane  of  the  crankpins,  due  to  centrifugal,  inertia 
and  gas  forces.  This  tendency  loosens  the  main  bearings 
by  throwing  the  shaft  out  of  line.  The  crankpin  bear- 
ings  ride  alternately  on  one  side  of  the  pin  and  then  the 
other,  causing  damage  and  necessitating  frequent  ad- 
justments and  replacements. 

2 — Great  weight  of  reciprocating  parts  compared  witn 
the  brake  horsepower,  augmenting  the  difficulties  enu 
merated  under  (1). 

3 — The  high  centrifugal  forces  as  compared  with  the 
brake-  horsepower,   resulting  in  effects  as  listed  under 

(1). 

4 — Difficulty  in  cooling  the  large  ijistoii  ami  valve 
heads  necessary  in  obtaining  20  hp.  per  cylinder. 

5 — Difficulty  of  maintaining  a  perfect  mixture  in  the 
long  intake  header  as  well  as  the  impossibility  of  at- 
taining high  volumetric  efficiency  with  the  high  ve- 
locity necessary  for  maintenance  of  mixture  quality. 

6 — Difiiculty  in  lubricating  all  parts  sufficiently  with- 
out over-lubricating  the  cylinder. 

7 — The  disadvantageous  location  of  the  valves. 

8— Infrequency  of  impulse,  the  lack  of  balance  and 
its   influence  on  the  transmission  mechanism. 

The  difficulties  listed  under  numbers  2,  3,  4,  6,  7  and 
8  need  not  exist  in  a  properly  designed  two-cylinder  op- 
posed engine,  while  numbers  1  and  5  are  only  partially 
true  and  can  be  sufficiently  overcome  so  that  the  final 
power  output  and  efficiency  will  compare  favorably  with 
other  types  of  engines. 

Four-Cylinder  Engines  ^ 

In  1897  I  worked  on  the  design  of  a  four-cylinder 
valve-in-the-head  marine  engine  similar  to  the  one  shown 
in  Fig.  4  (with  head-parting  plane  slightly  below  piston 
face),  and  after  observing  a  number  of  these  in  opera- 
tion, designed  the  next  engine  with  the  head  as  shown 
in  Fig.  3  (head-parting  plane  coinciding  with  inside  face 
of  head)  for  the  reason  that  it  provided  machined  com- 
bustion chamber  walls  without  additional  operations,  in- 
sured a  uniform  compression  space  in  all  cylinders,  over- 
came the  liability  of  the  piston  striking  the  gasket  oi* 

*Tran8actioiu  S.  A.  K.  1917,  Part  1.  page  fir» 
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head  without  the  necessity  of  providing  an  excessive 
counterbore,  and  still  possessed  the  advantages  claimed 
for  the  design  of  Fig.  4. 

It  is  a  waste  of  time  to  even  consider  the  two- 
bearing  type  of  crankshaft  in  connection  with  four- 
cylinder  tractor  engines,  for  the  reason  that  many  years 
ago  when  the  first  two-bearing  crankshaft  four-cylin- 
der automobile  engine  was  designed,  which  by  the  way 
had  the  cylinder  cast  in  block,  it  was  found  that  this 
type  of  crankshaft  could  not  be  used  successfully  where 
the  distance  between  main  bearings  was  over  19  in. 
Further,  where  there  are  several  throws  between  sup- 
porting bearings,  as  in  the  two-bearing,  four-throw 
crankshaft  the  crankpins  must  necessarily  be  made 
larger  in  diameter  than  would  otherwise  be  necessary 
to  perform  their  function  as  a  bearing,  in  order  to 
withstand  the  bending  stresses.  This  produces  a  greater 
rubbing  speed  and  causes  undue  heating  of  crankpin 
bearing. 

Ltcbrication  Difficulties   Caused  by  Dust 

The  conditions  under  which  the  tractor  engine  oper- 
ates are  so  radically  different  from  those  of  the  auto- 
mobile engine,  that  it*  is  pathetic  to  attempt  to  ap- 
ply the  automobile  oiling  system  to  the  tractor  en- 
gine without  first  analyzing  the  conditions  to  be  dealt 
with.  Granting  that  a  method  of  using  kerosene  will 
be  developed  that  will  eliminate  all  chance  of  raw  fuel 
getting  into  the  crankcase,  there  still  remains  the  dust 
problem  which  the  air-washer  does  not  entirely  solve 
even  if  fitted  to  the  crankcase  breather  pipe.  It  is  only  a 
question  as  to  the  relative  density  of  the  dust  cloud  in 
which  the  tractor  is  moving  as  to  how  soon  the  engine 
will  begin  to  inhale  mud  through  the  washer.  Dust  and 
mud  mixed  with  oil  have  the  same  abrasive  action  and 
will  seriously  damage  the  engine,  if  there  is  not  a  con- 
stant washing  action  of  the  oil  to  keep  the  abrasive  ma- 
terial moving  away  from  the  wearing  surfaces.  This 
can  be  accomplished  by  forcing  fresh  oil  to  the  parts  thai 
require  lubrication  and  letting  it  drain  from  the  crank- 
case into  a  container  that  can  be  readily  removed. 
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By  E  R  Greeb* 

When  we  speak  of  a  tractor  transmission,  we  generally 
mean  the  entire  power-transmitting  device  from  the  en- 
gine to  the  ground,  including  the  pulley  for  belt  work. 
Tractor  transmissions  are  still  in  an  early  stage  of  devel- 
opment. They  are  composed  of  a  number  of  groups  of 
parts  that  are  arranged  differently  in  nearly  every  case, 
80  that  they  cannot  be  classified  without  dividing  them  or 
making  a  special  class  for  nearly  every  tractor  now  being 
manufactured. 

There  are  differences  of  opinion  among  tractor  engi- 
neers regarding  many  of  the  most  vitally  important  fea- 
tures of  tractor  transmission.  Some  believe  in  rough 
open  gearing  and  large  plain  bearings,  as  opposed  to 
those  who  insist  on  cut  hardened  inclosed  gears  and 
anti-friction  bearings. 

The  question  of  wheels  for  traction  vs.  track-layers  is 
far  from  settled.  The  right  3ize  of  wheels  for  wheel 
tractors  seems  further  from  being  agreed  upon  than  any- 
thing else,  and  it  is  one  of  the  most  fundamentally  im- 
portant things  in  tractor  design.  The  design  of  a  tractor 
transmission  is  affected  greatly  by  the  design  of  the 
wheels  or  track-layers  that  are  to  give  the  traction.  The 
matter  of  traction  is  of  first  importance  to  the  successful 
tractor,  and  it  is  here  that  opinions  differ  widely. 

The  track-layer  with  its  large  surface  contact  has  an 
advantage  on  marsh  land  or  sand,  where  the  top  soil  is 
tougher  than  the  ground  beneath,  but  is  at  a  disadvantage 
when,  just  after  a  rain,  the  ground  is  muddy  on  top  and 
harder  below.  It  can  bridge  a  small  ditch  but  becomes 
blocked  by  one  too  large  to  bridge,  and  side  hills  or  side 
draft  cannot  be  taken  care  of  as  efficiently  as  when  wheels 
are  used. 

Wheels,  simple  and  not  expensive,  must  be  of  suffi- 
cient size  and  provided  with  lugs  to  give  good  traction. 
If  a  tractor  wheel  once  starts  to  dig  it  will  not  climb  out 
of  its  hole  unless  the  load  is  released.  On  smooth  hard 
ground  a  small  wheel  gives  efficient  traction,  but  on  newly 
plowed  sandy  soil  or  on  land  where  there  are  washed-out 
ditches  a  large  wheel  must  be  used.  The  matter  of  lugs 
is  of  utmost  importance.    On  some  kinds  of  ground  a 

^AflBlstaiit  Superintendent,  Bmeraon-Brantingham  Company 
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spiral  cleat  at  about  a  45-deg.  angle  will  give  double  the 
tractive  effort  that  can  be  obtained  from  the  same  wheels 
with  straight  cleats  or  spikes. 

For  efScient  general  farm  work  with  wheel  tractors  of 
from  8  to  15  drawbar  hp.,  the  drive  wheels  must  be  6  ft. 
or  more  in  diameter,  and  the  problem  of  the  best  way  to 
drive  the  wheel  is  important.  The  effort  being  applied 
to  the  ground,  it  follows  that  the  rim  is  the  natural  place 
to  apply  the  power,  but  the  rim  runs  in  the  soil,  so  that 
it  is  necessary  to  apply  it  at  some  point  far  enough  from 
the  rim  to  be  protected  from  the  dirt.  If  the  drive  is 
carried  to  the  axle  the  torsional  strains  become  severe, 
and  good  construction  is  expensive  and  difBcult  From 
all  indications  the  inclosed  internal-gear  drive  {a  likely 
to  become  the  standard  traction-wheel  drive. 

The  next  important  item  is  the  location  of  the  drive- 
pinion.  The  one  best  location  is  a  point  forward  and  a 
little  below  the  wheel  axle.  When  the  pinion  is  in  this 
location  the  driving  force  is  carried  directly  to  the 
ground,  so  that  the  load  on  the  drive-wheel  axle  bearings 
due  to  the  power  delivered  is  opposite  the  load  due  to 
weight,  and  the  amount  of  load  is  the  difference  between 
the  driving  effort  delivered  by  the  drive  pinions  and  the 
weight  of  the  tractor  that  is  supported  by  the  axle  when 
the  tractor  is  standing.  In  other  words,  the  drive-axle 
bearings  are  practically  floating  when  the  tractor  is  pull- 
ing a  certain  load.  At  less  load  the  bearing  pressure  is 
downward  and  at  greater  load  the  pressure  is  upward. 
The  strain  of  the  drawbar  pull  is  carried  by  the  drive- 
pinion  bearings  through  the  pinion  teeth  to  the  drive- 
wheel  rim  and  the  ground.  It  is  the  lifting  effect  on  the 
front  end  of  the  tractor  that  results- in  its  forward  move- 
ment A  number  of  tractors  have  enough  power  to 
raise  the  front  end  clear  of  the  ground  so  that  the  front- 
end  weight  is  the  limit  of  their  gulling  power.  These 
tractors  are  difficult  to  guide  and  are  of  no  use  at  all  on 
hills.  Enough  dead  weight  must  be  carried  on  the  steer- 
ing wheels  so  that  the  tractor  can  be  guided  on  the  steep- 
est hill. 

The  front-wheel  drive  offers  an  easy  solution  for  hilly 
ground  as  in  this  case  the  reaction  from  the  load  is  down- 
ward on  the  rear  steering  wheels.  There  is  no  tendency 
to  tip  up,  and  the  harder  the  pull  the  more  positive  is  the 
control.  The  rear  wheels  must  be  of  ample  size  to  carry 
the  additional  load,  and  the  difficulty  is  in  arriving  at  an 
arrangement  to  handle  the  implements  when  the  front 
wheels  are  the  drivers.    While  the  steering  mechanism 
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may  be  complicated,  the  power  transmission  can  be  sim- 
ple, the  weight  can  be  placed  mostly  on  the  drive-wheels, 
and  ditches  and  hills  can  be  easily  negotiated.  The  four- 
wheel  drive  immediately  suggests  itself,  but  the  mechan- 
ical complication  and  expensive  construction  make  it  pro- 
hibitive. 


HvATT  Roller  Bkakixg  Co.  Tractor  Bearing  Layout 
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The  protection  of  the  working  parts  is  not  easily  ac- 
complished in  tractor  transmissions.  An  argument  used 
by  those  who  favor  open  rough-cast  gearing  is  that  the 
farmers  cannot  keep  transmission  grease  or  oil  clean  and 
that  some  grit  is  always  put  into  the  case  at  every  filling. 
They  make  the  claim  that  as  long  as  parts  cannot  be  kept 
clean  they  wear  out  and  may  as  well  be  made  simple 
and  open,  to  operate  without  lubrication  or  when  covered 
with  dirt. 

One    unprotected   drive,    known    as   the    roller   pinion 


Transmission  and  Top  Drive  of  Case  9-18  Tkactok 

drive,  has  been  extremely  successful  on  tractors.  It  can 
be  made  to  last  a  season,  is  cheap,  and  is  easily  replaced. 
Perhaps  the  worm-drive  gear  can  be  taken  as  the  oppo- 
site extreme  because  the  excessive  tooth  pressures,  to- 
gether with  the  vibration  and  dirt,  prevent,  its  being  a 
success,  no  matter  how  carefully  it  is  built. 

As  the  users  of  tractors  become  more  skillful  and  cease 
to  abuse  their  machines,  thoroughly  protected  well-made 
parts  will  become  more  general.  Today  simplicity  is 
essential  if  a  tractor  is  to  be  successful. 

Anti-Friction  Bearings 

A  notable  advance  in  tractor  transmission  design  is 
in  anti-friction  bearings,  which  are  becoming  universally 
used.    It  has  been  found  that  an  ample,  non-adjustable, 
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anti-friction  bearing  can  last  indefinitely  in  tractor  serv- 
ice. Transmission-bearing  trouble  has  been  a  common 
tractor  fault  in  the  past,  and  its  elimination  is  a  long 
step  ahead. 

The  shafting,  as  a  rule,  is  made  of  ordinary  mild  steel, 
because  gears  and  bearings  generally  have  to  be  of  such 
size  that  shafts  are  amply  large  when  this  material  is 
used.  It  is  important  that  splines  be  used  instead  of 
keys. 

The  standard  type  of  automobile  or  truck  transmission 
does  not  meet  tractor  requirements  at  all.  The  gear  re- 
duction is  too  small,  no  belt  pulley  is  provided  for,  the 


Vbhtical  Section  through  EMEsaoN-BRANTiNOHAM 
Transmission 
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change-speed  arrangement  is  wrong,  the  parts  are  not 
large  enough,  and  the  type  cannot  be  applied  to  a  good 
tractor  design. 

The  total  gear  reduction  in  a  tractor  varies  between 
80  to  1  and  100  to  1,  so  that  several  reductions  have  to  be 
used,  although  in  some  cases  entire  transmissions  are 
built  as  a  single  unit.  It  is  best  to  discuss  each  reduc- 
tion separately,  and  to  consider  especially  the  final  re- 
duction by  itself. 


Horizontal  Section  through  Emkrson-Brantinobaii 
12-20  Transmission 


In  general  all  tractor  transmissions  are  driven  from 
the  engine  through  a  friction  clutch.  No  universal  joints 
are  used,  although  clutches  are  designed  to  take  care  of 
any  misalignment.  Cone,  disk,  shoe,  band  clutches,  and 
friction  drives  are  in  use.  The  cone  clutch  and  the  in- 
ternal expanding  shoe  clutch  are  most  common. 

First  Reduction  Gearing 

First-reduction  gearing  may  be  of  almost  any  kind. 
The  reductiQn  varies  from  1  to  1  to  as  much  as  8  to  1. 
The  change  in  speeds  and  the  reverse  are  often  worked 
in  on  the  first  reduction,  but  it  is  also  common  to  use  the 
second  reduction.  When  the  engine  shaft  is  not  parallel 
with  the  drive-wheeUaxis  the  first  reduction  gears  are 
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often  of  the  bevel  type.  There  is  considerable  advantage 
in  having  the  bevel  gears  the  highest  speed  gears.  The 
cost  is  reduced  and  a  chance  is  provided  to  get  a  belt 
pulley  on  a  fairly  high-speed  shaft  without  the  necessity 
of  using  a  separate  set  of  gears  and  a  clutch. 

When  spur  gears  are  used  for  the  first  reduction,  the 
change-speed  gears  and  reverse  are  generally  a  part  of 
it  as  they  can  be  much  smaller  and  cheaper  in  this  posi- 
tion than  in  the  next  reduction.     This  arrangement  is 


MiNNFAroi.lS     StEET.     and     MACHINERY     CO.     TNTERNAI.     CtV.WX 

Final  Drive 


general  on  tractors  in  which  the  engine  is  set  crosswise ; 
it  is  also  used  to  some  extent  when  the  engine  shafts  are 
set  lengthwise  of  the  tractor,  even  though  this  arrange- 
ment necessitates  a  larger  and  more  expensive  set  of 
bevel  gears  in  the  second  reduction  and  also  the  use  of  a 
separate  set  of  gears  for  the  belt  pulley. 

Change-speed  gears  are  usually  arranged  so  that  the 
pinions  slide  on  the  drive-shaft  and  engage  large  gears 
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on  the  driven  shaft.  No  divided  shafts  or  countershafts, 
such  as  are  found  in  automobile  transmissions,  are  used 
except  for  reverse  gears.    Thus  all  gears  are  disengaged, 


Tr{AN'«<MIJ»SION   (»F  THE  GRAY   TRACTOK 


•*Bia  FouB"  20-86  Tractor  Transmission 
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except  the  ones  actually  in  use,  and  no  idle  ir^ars  or  extra 
reductions  are  needed  for  different  speeds. 


Minneapolis  Stbbl  A  Machinkrt  Oa  Clutch  and 
Transmission 


Moltnb-Unfvkbsal  Transmission 
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Another  advantage  in  this  arrangement  is  that  all 
change-speed  gears  are  disengaged  when  the  belt  pul- 
ley is  to  be  used.  Tractors  are  used  for  belt  work  on 
long  continuous  runs  and  gears  or  shafting  running  idle 
are  undesirable  because  they  waste  power  and  require 
special  lubrication. 

Second  Reduction  Gearing 

.  The  second  reduction  is  sometimes  the  final  drive,  al- 
though this  is  not  often  the  case.  Usually  it  is  the  drive 
to  the  shaft  that  carries  the  differential.  If  the  differen- 
tial can  be  placed  in  this  position  ahead  of  the  last  re- 
duction considerable  expense  will  be  save4  because  all  the 
parts  can  be  made  much  smaller. 
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AvsRT  Tractor,  Showing  Largb  Exposed  Transmission 
Qbars 

Differentials  have  to  be  made  strong  and  of  ample  size, 
because  the  traction  members  are  always  slipping,  so 
that  the  differential  parts  are  working  all  the  time.  Dif- 
ferential locks  are  considered  good  practice.  Brakes  for 
holding  one  side  for  short  turning  are  often  used,  but 
brakes  for  stopping,  while  necessary,  are  not  importaiit 

Third  Reduction  Gearing 

The  third  is  usually  the  final  reduction;  it  is  the  most 
important  part  of  a  tractor  transmission.  The  load  and 
vibration  on  the  teeth  and  bearings  generally  cause  wear 
of  these  parts  first,  and  as  they  are  large,  expensive,  and 
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difficult  to  replace  it  is  necessary  they  be  made  to  give 
the  best  of  service. 

When  there  are  more  than  three  gear  reductions,  the 
extra  one  is  used  either  to  gain  compactness  or  to  provide 
for  some  special  arrangement  of  parts. 

Tractors  are  used  for  plowing  a  large  part  of  the  time 
and  generally  are  operated  at  speeds  of  from  2  to  2% 
m.p.h.  Many  have  only  a  single  speed,  but  most  of  the 
late  designs  have  two  or  three  speeds.    When  there  are 


Transmission  and  Intkrnal  Gear  Drive  of  thk  Waterloo 
Boy  T^ractor 

three  speeds  one  is  lower  and  one  higher  than  the  plow- 
ing speed.  When  two  speeds  only  are  provided  the  sec- 
ond is  usually  slower  than  that  for  plowing.  The  range 
between  speeds  is  nearly  always  between  80  and  40  per 
cent. 

A  tractor  transmission  is  really  a  series  of  com- 
promises, each  part  being  affected  by  all  the  others ;  hence 
it  is  not  surprising  that  there  are  such  differences  in  de- 
sign. A  ditferent  location  of  the  belt  pulley  alone  will 
materially  affect  the  entire  transmission  arrangement. 
At  present  there  is  little  chance  of  formulating  valuable 
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transmiBflion  standards.     It  will  require  more  time  and 
many  tests  to  prove  what  is  best. 


THE  DISCUSSION 

Charles  A.  Trask  (M.  S.  A.  E.) : — Thousands  of  trac- 
tors with  friction  transmissions  are  in  successful  opera- 
tion,  and  I  feel  that  this  type  is  entitled  to  more  than 
passing  mention,  in  view  of  the  complete  information 
given  by  Mr.  Greer  covering  various  forms  of  gear  trans- 
missions. 

Mr.  Greer: — I  was  not  able  to  obtain  any  illustra- 
tions showing  tractors  with  friction  transmissions,  which 
is  the  reason  they  are  not  covered  in  my  paper. 

Anti-Friction  Bearings  for  Tractors 

R.  E.  Davis  (]^.  S.  A.  E.) :— Most  of  the  illustrations 
in  Mr.  Greer's  paper  show  anti-friction  bearings.     This 


R.  D.  NuTTALL  Co.  Transmission 


shows  the  trend  of  thought  to  be  in  favor  of  fuel  economy. 

which  is  very  fitting  at  this  critical  time  in  our  Nation's 

^  history.    The  question  of  economy  on  drawbar  work  is 

of  great  importance,  not  only  to  the  user  but  to  the  entire 
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world.  The  amount  of  power  loss  In  a  plain  bearing  is 
from  10  to  20  times  greater  than  the  loss  in  an  anti-fric- 
tion bearing,  according  to  available  information  and  tests. 

Taking  the  smaller  figure,  and  giving  the  plain  bearing 
the  benefit  of  the  mosti^favorable  conditions,  the  differ- 
ence in  power  loss  is  still  great  enough  to  warrant  our 
careful  attention.  It  is  great  enough  on  a  tractor  of 
20  b.hp.  to  increase  the  drawbar  capacity  and  efficiency 
40  to  60  per  cent  over  the  capacity  and  efficiency  with 
plain  bearings,  all  other  things  being  equal. 

At  once  the  question  arises :  "If  the  engine  has  power 
enough  to  slip  the  wheels  with  plain  bearings  what  is 
gained  in  capacity  by  the  added  saving  in  power?" 

Nothing  in  many  cases,  but  this  merely  proves  that  the 
design  is  not  properly  balanced  to  take  advantage  of  the 
engine's- power  when  anti-friction  bearings  are  substi- 
tuted. This  condition  could  easily  be  adjusted  and  ad- 
vantage taken  of  the  increased  drawbar  power  of  40  to  60 
per  cent,  still  reserving  enough  to  slip  the  wheels. 

Where  the  old  rating  for  such  a  tractor  was  10-20, 
with  plain  bearings  in  the  transmission  and  axle,  the 
rating  could  be  15-20  for  anti-friction  bearings.  Of  still 
greater  importance  is  the  question  of  drawbar  economy. 
Taking  again  the  20  b.hp.  tractor  previously  referred  to, 
the  difference  in  power  loss  between  plain  and  anti- 
friction bearings  amounts  to  5.38  hp.  at  full  load.  The 
plain  bearing  losses  are  distributed  as  follows,  based  on 
10-20  rating: 

Drawbar 
Per  Cent 

2 — Bearingr  next  to  bull  pinions *. . . .       19.5 

1 — Bearing  on  first  reduction  shaft  nearest  overhanging  gear.     16.6 

1 — Bearing  on  opposite  end  of  first  reduction  shaft 6.6 

I — Bearing  on  counter-shaft 5.6 

I — Bearing  on  counter-shaft 6.6 

2 — Rear  axl^  bearings 4.2 

Plain  bearing  loss 66.7 

Anti-friction  bearing  loss 1.86 

Saving  fn  favor  of  anti-friction  bearings *58.85 

^^.38  hp. 

This  amount  is  clear  gain,  and  can  be  added  directly 
to  the  drawbar  and  credit  given  for  a  net  saving.  In  other 
words,  a  20-hp.  engine  working  at  full  load  will,  in  eight 
out  of  ten  places,  deliver  to  the  drawbar  a  little  over  50 
per  cent  more  net  power  with  anti-friction  bearings  than 
it  would  if  plain  bearings  were  used.  This  means  a 
saving  of  a  little  over  50  per  cent  of  the  fuel  required 
to  do  the  same  amount  of  drawbar  work,  or  approximately 
10  gal.  of  fuel  per  day's  work  of  the  plain-bearing  type 
of  tractor  when  under  full  load. 
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In  the  particular  tractor  under  consideration  the  addi- 
tional cost  of  the  anti-friction  bearings  amounted  to 
approximately  $30  at  present  market  prices.  This  cost 
would  be  covered  in  fuel  saving  within  a  few  days. 

Few,  if  any,  of  us  today  would  design  an  automobile  or 
truck  with  plain  bearings  throughout  the  transmission 
and  rear  axle;  still  less  would  we  think  of  puttii^  a 
grease  cup  on  each  of  these  bearings  and  asking  the  user 
to  crawl  under  and  tighten  these  cups  each  hour. 

When  these  fuel-saving  and  trouble-saving  problems 
are  presented  to  the  prospective  purchaser  of  a  tractor  it 
will  be  an  easy  matter  for  him  to  decide  whether  or  not 
he  should  not  pay  2  or  3  per  cent  more  for  a  tractor  that 
will  save  50  per  cent  of  his  fuel  on  drawbar  work  and  at 
the  same  time  require  lubrication  once  a  week  only  in- 
stead of  once  an  hour;  and  in  addition  to  these  advantages 
give  him  an  opportunity  to  do  his  bit  in  conserving  the 
world's  gasoline  supply. 
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WORM  GEAR  BRONZES 
By  W  M  COESE* 

Worm  gearing  is  one  of  the  oldest  known  mechanical 
movements.  Its  ability  to  give  large  reductions  in  speed 
in  a  simple  and  satisfactory  way  and  by  a  compact  mech- 
anism has  long  been  recognized.  In  the  higher  grades 
hi  worm  gearing  the  worm  is  usually  made  of  steel, 
specially  treated  to  insure  specific  properties,  and  the 
worm  wheel  is  made  of  bronze,  also  with  specific  com- 
position and  treatment.  As  this  paper  deals  with  the 
bronze  element  it  will  be  of  interest  to  learn  something 
of  the  history  of  bronze,  particularly  as  the  oldest  and 
best  known  worm-gear  bronzes,  the  copper-tin,  are  the 
first  about  which  we  find  any  description  in  ancient 
literature. 

In  the  excellent  translation  of  De  Re  Metallica  (pub- 
lished in  1556  by  Georgius  Agricola)  which  was  made  in 
1912  by  Herbert  Clark  Hoover,  aided  by  his  wife,  some 
instructive  notes  are  given  on  the  history  of  bronze, 
from  which  I  shall  quote. 

"It  is  possible  to  set  up  a  description  of  the  imaginary 
beginning  of  the  'bronze  age'  prior  to  recorded  civiliza- 
tion, starting  with  the  savage  who  accidentally  built  a 
fire  on  top  of  some  easily  reducible  ore,  and  discovered 
metal  in  the  ashes ;  but  as.  this  method  has  been  pursued 
times  out  of  number  to  no  particular  purpose,  we  will 
confine  ourselves  to  a  summary  of  such  facts  as  we  can 
assemble. 

''Founders'  hoards  of  the  bronze  age  are  scattered 
over  Western  Europe,  and  indicate  that  smelting  was 
done  in  shallow  pits  with  charcoal.  With  the  Egyptians 
we  find  occasional  inscriptions  showing  small  furnaces 
with  forced  draft,  in  early  cases  with  a  blowpipe, "but 
later — ^about  1500  B.C. — ^with  bellows  also.  The  crucible 
was  apparently  used  by  the  Egsrptians  in  secondary  melt- 
ing, such  remains  at  Mt.  Sinai  probably  dating  before 
2000  B.C.  Charcoal  was  the  universal  fuel  for  smelting 
down  to  the  eighteenth  century. 

"Bronze  articles  have  been  found  in  the  prehistoric' 
remains  in  Egypt  as  early  as  the  IV  Dynasty  (8800  to 
4700  B.C.,  according  to  the  authority  adopted).     The 

«iibLnager  Bronse  Dept.,  The  Titanium  Alloy  Manufacturing 
Company 

«Page  402.  Note  42 — Historical  not«»  on  copper  Rmeltlng 
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question  of  the  origin  of  this  bronze,  whether  from  ores 
containing  copper  and  tin  or  by  alloying  the  two  metals, 
is  one  of  wide  difference  of  opinion. 

"To  our  mind  the  vast  majority  of  ancient  bronzes' 
must  have  been  made  from  copper  and  tin  mined  and 
smelted  independently." 

Chemical  analyses  of  these  ancient  bronzes  show  them 
to  contain  from  2  to  10  per  cent  of  tin,  so  that  bronze 
Huitable  for  use  in  worm  gearing  has  been  known  for 
thousands  of  years.  It  was  not  until  the  nineteenth  cen- 
tury, however,  that  much  bronze  was  used  for  worm 
gear  wheels.  Wood  was  almost  universally  used  prior  to 
this  time,  but  the  advent  of  the  automobile  focused  the 
attention  of  the  mechanical  world  on  the  use  of  a  better 
material. 

One  of  the  most  common  uses  for  worm  gear  reduc- 
tions, until  the  advent  of  the  automobile  truck,  was  for 
elevators  and  similar  hoisting  devices. 

Automobile  rear-axle  worm  gears  were  not  developed 
by  the  hoisting  device  manufacturers  in  the  United 
States,  however,  but  were  largely  imported  from  Eng- 
land. The  high  efficiency  of  this  type  of  gearing  as  now 
made  has  led  to  its  adoption  in  many  industrial  fields. 

The  main  difference  between  worm  gearing  used  for 
stationary  power  transmission  and  that  used  for  auto- 
mobile trucks  is  in  the  compactness  and  accuracy  of 
the  machine  work  required  on  the  worm  gear  unit  itself. 

In  the  less  compact  elevator  mechanism  the  size  of  the 
gearing  permits  the  use  of  lower  grade  material  and 
less  accurate  workmanship.  In  the  rear  axle  mechanism 
of  the  automobile  truck,  on  the  other  hand,  the  space 
available  and  the  mechanical  efficiency  demanded  make 
it  imperative  that  only  high-grade  materials  and  work- 
manship be  employed. 

Such  a  condition  as  has  just  been  described  lends  itself 
profitably  to  scientific  investigation. 

The  mechanical  side  of  the  problem  has  been  de- 
scribed by  H.  Kerr  Thomas  in  his  book  entitled  'Worm 
Gearing."  It  has  also  been  described  before  this  Society 
by  John  Younger,'  Cornelius  T.  Myers*  and  H.  D. 
Church.* 


'Page  411,  Note  52 — ^Historical  note  on  tin  metallur^ 

■Worm  Drive  Axles,  S.  A.  E.  Transactions,  1914,  Vol.  9.  Part  1. 
pp.  216-223 

^Manufacture  of  Worm  Gearing:  by  a  New  Process,  S.  A.  B 
TRANSACTIONS,  1915,  Vol.  10.  Part  1,  pp.  152-171 

■^Refinements  in  Truck  np.slgrn,  S.  A.  K.  TRAVHAmoNs.  1916.  Vol. 
11.  Part  11.  pp.   324-885 
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The  metallurgical  side  of  the  problem  has  not  been  as 
thoroughly  discussed  and.  it  is  in  the  hope  of  adding  in- 
formation to  this  part  of  the  subject  that  the  technical 
data  in  this  paper  are  presented. 

Houb-Glass  and  Straight  Type  Worm  Gears 

When  worm  gear  axles  were  first  used  in  this  country 
we  found  two  types  of  worm  gearing  about  equally  re- 
garded. These  were  the  hour-glass  type  and  the  straight 
type.  The  advocates  of  the  hour-glass  type  specified 
a  bronze  having  a  higher  compressive  resistance  than 
that  for  the  straight  type.  As  the  hour-glass  type  of 
gearing  bears  on  a  considerable  surface  of  the  worm 
and  wheel  while  the  straight  type  bears  on  a  line  tangent 
to  the  pitch  diameter  of  the  gear,  it  is  obvious  that  in 
the  former  type  a  greater  total  tooth  pressure  can  be 
used  without  destroying  the  oil  film  than  in  the  latter. 
This  is  evidently  why  a  bronze  wheel  having  a  high 
compressive 'strength  is  required  in  the  hour-glass  type 
to  withstand  these  increased  pressures. 

Phosphor  Bronzes 

The  usual  straight  t3^e  of  worm  gearing  requires  a 
phosphor-bronze  of  about  88.7  parts  of  copper,  11  parts 
of  tin  and  0.8  parts  of  phosphorus.  This  alloy  in  chilled 
gears  has  the  following  physical  properties: 


Ultimate  tenslla  strength,  lb.  per  sq.  in 85,000-40.000 

Yield  point,  lb.  per  sq.  in 22.000-25.000 

Elongation  in  2  In.,  per  cent 6-10 

Reduction  of  area,  per  cent 7-9 

Specific  gravity  at  20  deg.  cent 8.5 

Brinell  hardness  number  (500  kgm.  load  for  30  sec.) 76-86 

Pattern  maker's  allowance  for  shrinkage,  in.  per  ft 0.125 

Weight  per  cu.  in.,  lb ^. 0.81 

Compression,  elastic  limit,  lb.  per  sq.  in 16  000 

Coefflelent  of  friction 0.0040 

Modulus  of  elasticity 12.000.000  to  14.000,000 

Resistance  to  impact  Fremont  notched  bar  test  (fractured 

section  7  by  10  mm.),  kgm-meters 2  to  4 

Endurance    of    alternation    impact,    Landgraf-Tumer    or 

Arnold  test,  alternations 150  to  800 

Resistance  to  shear  by  impact,  McAdam  machine,  ft-lb..800  to  460 


Copper-Tin-Zinc  Alloys 

A  bronze  for  hour-glass  worm  gears  composed  of 
about  86  parts  of  copper,  18  parts  of  tin  and  2  parts  of 
zinc,  having  a  Brinell  hardness  number  of  about  100, 
has  bera  used  to  some  extent. 
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ChillrCast  Tin  Bronze 


2ST 


The  11  per  cent  tin  bronze  was  also  used  for  the  hour- 
glass type  when  chill  cast.  In  fact  it  was  in  this  type 
that  the  chill  cast  bronze  was  first  used. 

The  fact  that  the  hour-glass  type  of  gearing  requires 
accurate  alignment  in  three  planes  while  the  straight 
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Fio.  1 — ^Thsbkal  Equilibbiuk  or  CooLiNa  Diagram  or  Copper-Tin 
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type  requires  accurate  alignment  in  but  two  planes,  has 
caused  the  latter  to  be  adopted  in  automobile  truck  de- 
sign. The  hour-glass  type  is  still  largely  used  in  electric 
passenger  vehicles. 

Copper-tin  alloys  to  which  phosphorus  has  been  added 
are  called  phosphor-bronzes.  When  the  percentage  of 
copper  is  between  100  and  87  per  cent  the  form  of 
crystallization  is  the  same.  The  temperature  of  the 
solidus  of  an  alloy  consisting  of  from  9  to  18  per  cent  of 
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tin  is  about  200  deg.  cent,  lower  than  the  temperature  of 
the  liquidus  taken  from  the  table  of  pyrometric  data. 
(See  Pig.  1*) 

Effect  of  Phosphorus 

The  addition  of  phosphorus  \v^  to  1  per  cent  appar- 
ently increases  this  difference  in  temperature.  This  con- 
dition is  common  to  many  alloys  and  means  that  during 
the  cooling  process  a  solid  portion  of  the  alloy  is  in  con- 
tact with  a  liquid  portion  during  a  temperature  drop 
represented  by  the  difference  between  the  temperatures 
of  the  solidus  and  the  liquidus.  This  temperature  differ- 
ence is  constant  for  a  given  composition,  when  the  rate 
of  coolinSr  is  nprmal. 


Explanation  of  Illustrations 
(See  insert) 

Fig.  2 — Bronze  containing  11  per  cent  tin,  cast  in  sand,  etched 
with  ammonia  and  hydrogen  peroxide*  followed  by  ferric  chloride, 
showing  light  patches  and  streaks  of  eutectoid  between  the  dark- 
ened alpha  dentrltes. 

Fig.  8 — Same  alloy  as  shown  in  Fig.  2,  with  same  etching  but 
chill  cast,  showing  only  traces  of  eutectoid  and  much  finer  dentritic 
structure. 

Fig.  4 — ^Typical  structure  of  sand-cast  aluminum-bronze  contain- 
ing 10  per  cent  aluminum,  etched  with  ferric  chloride  and  hydro- 
chloric acid. 

Fig.  5-»Same  alloy  as  Fig.  7,  with  same  etching,  but  after  fur- 
ther "Tieating  to  about  600  deg.  cent,  followed  by  slow  cooling,  show- 
ing a  very  fine  grain  similar  to  that  found  in  tempered  steel. 

Fig.  6 — Same  alloy  and  etching  as  Fig.  4,  but  with  a  20-fold 
greater  magnification,  showing  duplex  structure  of  the  dark  con- 
stituent. 

Fig.  7 — Structure  of  10  per  cent  aluminum  bronze,  hardened  by 
Quenchhig  in  water  from  900  deg.  cent,  and  etched  with  ferric 
chloride  and  hydrochloric  acid,  showing  acicular  structure  like 
martensite  in  steel. 

Alloy  Cooling  Diagram 

For  the  information  of  those  unfamiliar  with  cooling 
curve  diagrams,  I  would  state  that  the  solidus  is  the  line 
bounding  those  regions  within  which  alloys  are  completely 
solid,  and  the  liquidus  is  the  line  bounding  those  regions 
of  the  diagram  representing  entirely  fluid  alloys. 

In  the  diagram,  Fig.  1,  the  line  bounding  the  area  n 
is  the  solidus  of  completely  solid  alloys  of  copper  and  tin. 
The  curve  bounding  the  area  marked  ''a  plus  liquid"  in 
Fig.  1  is  the  liquidus  of  entirely  fluid  copper-tin  alloys. 

Tin  Sweating  or  Liquation 
In  foundry  practice  the  result  of  this  difference  in 
temperature  caui^es  a  phenomenon  known  as  liquation. 
It  is  commonly  called  tin  sweating  because,  when  the 

•Fig.  1  is  reproduced  from  ••The  Tensile  Strength  of  Copper-TIi» 
Alloys"  by  Shepherd  and  Upton,  Jovmal  of  Physical  Chemiatry 
January,  1906,  p.  446 
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casting  is  poured  in  a  sand  mold  numerous  drops  of  a 
silvery  metal  ooze  from  the  risers  and  top  during  the 
process  of  solidification.  This  silvery  metal  is  not  pure 
tin,  but  rather  a  copper-tin  alloy  containing  about  22 
per  cent  of  tin  and  having  a  Brinell  hardness  number  of 
about  240. 

Examination  of  the  bronze  with  a  microscope  reveals 
a  structure  like  Fig.  2  in  which  the  lake-like  areas  are  the 
silvery  colored  material,  known  as  eutectoid,  which  is 
distributed  throughout  the  mass.  As  the  weight  of  metal 
poured  into  the  average  automobile-truck  gear  mold  is 
between  75  and  100  lb.,  the  solidification  process  is  rela- 
tively slow,  thus  allowing  ample  time  for  the  formation 
of  the  eutectoid.  The  casting,  therefore,  contains  large 
areas  of  this  relatively  hard  material,  which  makes  it 
more  difiicult  to  machine  uniformly.  This  produces  an 
uneven  surface  on  the  tooth  of  the  gear  with  the  at- 
tendant mechanical  disadvantages  of  such  a  condition. 

Chill  Casting  Pboduces  Finer  Grain 

The  most  practical  method  for  overcoming  this  un- 
evenness  of  structure  is  to  chill  the  liquid  metal  in  the 
casting  by  mechanical  means.  Such  chilling  produces  a 
finer  grain  in  .the  metal  throughout  practically  the  en- 
tire cross-section  of  the  gear  rim  and  reduces  the  amount 
of  eutectoid,  or  hard  material,  thus  giving  a  more  uni- 
form alloy.    This  is  clearly  shown  in  Fig.  3. 

The  chilled  phosphor  bronze  worm  wheel  has  been 
proved  to  have  many  advantages  over  the  ordinary  sand 
cast  article.  Thousands  of  such  gears  in  service  have 
shown  better  wear  and  therefore  longer  life. 

One  of  the  essential  properties  of  a  gear  bronze  is  the 
ability  to  burnish  or  cold-work  its  own  surface.  A  high- 
grade  bronze  will  increase  in  surface  hardness  from  30 
to  50  numbers  on  the  Brinell  scale  when  burnished  by 
machining  or  service  operations. 

Manganese  Bronze 

Manganese  bronze  possesses  high  strength  but  does 
not  burnish  well;  it  therefore  does  not  make  a  satisfac- 
tory gear  metal.  t 
Aluminum  Bronzes 

The  need  for  a  strong  gear  bronze,  however,  in  order 
to  effect  economies  in  the  use  of  a  relatively  expensive 
material,  has  been  recognized.  This  has  led  to  the  in- 
vestigation of  the  aluminum  bronze  series  of  alloys ;  these 
are  known  to  possess  high  strength,  remarkable  resist- 
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ance  to  alternating:  stresses  caused  by  shock  and  vibra- 
tion, and  resistance  to  abrasion  and  wear. 

The  composition'  with  the  best  properties  for  gears 
is  about  90  parts  of  copper  and  10  parts  of  aliuninum. 
Small  percentages  of  iron  added  to  the  above  formula 
give  increased  strength  in  tension  and  compression.  The 
burnishing  properties  are  found  to  be  satisfactory,  f uUy 
equalling  or  surpassing  those  of  the  phosphor  bronzes. 

Advantages  of  Aluminum  Bronze  for  Worm  Gears 

The  phenomenon  of  liquation  present  in  the  phosphor 
bronzes  is  found  to  be  practically  absent  in  the  aluminum 
bronzes;    'Riis  is  shown  in  Fig.  la.* 
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Fig.   la — ^Thxbmal  Equilibrium  or  Cooling  Diagram  or  Copper- 
Aluminum  Allots 

Note  small  size  of  triangular  area  at  upper  left-hand  corner  of  this 
dia^rram,  as  compared  with  large  "alpha  plus  liquid"  area  in  Fig.  1 


^Fig.  la  la  reproduced  from  "Some  Experiments  upon  Copper- 
Aluminum  Alloys,"  by  J.   H.   Andrew,  Journal  of  the  Institute  of 
Metals,  March,  1916 
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From  the  foundrsnnan's  standpoint  the  absence  of  li- 
quation in  these  alloys  means  that  if  advisable  the  chill- 
ing process  can  be  omitted  and  a  bronze  casting  be  pro- 
duced that  shows  no  hard  spots  with  their  attendant  dif- 
ficulties. Where  it  is  desirable  to  partly  cast  the  teeth 
in  the  gear,  the  aluminum  bronzes,  because  of  the  absence 
of  the  hard  spots  in  the  sand  cast  material,  offer  greater 
possibilities  than  the  phosphor-bronzesu 

In  addition,  the  10  per  cent  aluminum  bronzes  can  be 
heat-treated,  giving  a  metal  with  26  per  cent  increase  in 
tensile  strength,  100  per  cent  in  yield  point  and  60  per 
cent  in  hardness  without  any  increase  in  machining. 

In  certain  designs  these  improved  properties  may  be 
found  very  beneficial.  Figs.  4  and  6  show  the  structure 
of  aluminum  bronze  under  the  microscope.  Fig.  7  shows 
the  structure  of  quenched  aluminum  bronze  and  Fig.  5 
that  of  the  heat-treated  alloy. 

The. 10  per  cent  aluminum  bronze  containing  1  per  cent 
of  iron  has  the  following  physical  properties: 


Ultimate  tensile  strensrth,  lb.  per  sq.  in 65,000-80  000 

Yield  point,  lb.  per  sq.  in 28,000-28  000 

Elongation  In  2  In.,  per  cent 20-80 

Reduction  of  area,  per  cent 21-29 

Specific  gravity  at  20  deg.  cent 7.6 

Brinell  hardness  number  (500  kgm.  load  for  80  sec.) 92-100 

Pattern  maker's  allowance  for  shrinkage,  in.  per  ft 0.22 

Weight  per  cu.  in.,  lb 0.27 

Compression,  elastic  limit,  lb.  per  sq.  in 19.000 

Coefficient  of  friction 0  0025 

Modulus  of  elasticity 15,000,000-18.000.000 

Resistance  to  impact.  Fremont  notched  bar  test  (fractured 

section  7  by  10  mm.),  kgm  meters 7  to  10 

Endurance  of  alternating  impact,  Landgraf-Tumer  or 

Arnold  test,  alternations 8500  to  5500 

Resistance  to  shear  by  impact,  McAdam  machine,  ft-lb.  .760  to  850 


Addition  of  Iron  to  Aluminum  Bronze  ' 

A  10  per  cent  aluminum  bronze  containing  4  per  cent 
iron,  first  described*  by  G.  F.  Comstock  and  the  author  in 
1916,  shows  results  superior  to  the  above  and  bids  fair 
to  supersede  it. 

Economy  of  Material  with  Aluminum  Bronze 

Recent  tests  of  worm  gear  axles  by  the  U.  S.  Army  on 
the  Mexican  bordeif  demonstrated  the  need  of  a  gear 
bronze  with  a  high  resistance  to  shock.    A  comparison  of 


^*'Some  Copper  -  Aluminum  -  Iron  Alloys,"  Corse  and   Comstock. 
Trans.  Amer,  Inat.  of  Metala^  Vol.  X,  pp.  119-132 
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the  results  obtained  by  the  Fremont  and  Landgraf -Turner 
tests  shows  the  great  superiority  of  the  aluminum 
bronzes  in  this  respect.  With  the  greater  strength  and 
toughness  of  aluminum  bronze  as  compared  with  phos- 
phor bronze,  and  its  decreased  weight  per  cubic  inch,  the 
designer  can  effect  economies  that  total  from  80  to  50 
per  cent  in  material. 

The  manufacturing  difficulties  formerly  present  with 
aluminum  bronze  have  been  overcome  so  that  worm  gear 
wheel  castings  of  this  material  are  now  being  made  in 
quantities  with  as  low  a  percentage  of  rejections  by  the 
purchaser  as  with  phosphor  bronze. 

In  the  new  field  of  tractor  designing,  aluminum  bronze 
should  be  given  careful  consideration  on  account  of  the 
economies  possible  to  effect  through  its  use  in  worm  gear 
castings  and  other  heavy-duty  bronze  parts. 

I  do  not  wish  t^  be  understood  as  recommending  one 
class  of  alloys  over  the  other  for  all  gear  castings.  Un- 
doubtedly the  mechanical  phases  of  the  problem  have  a 
direct  bearing  on  the  selection  of  the  proper  gear  bronze 
for  the  job. 

The  hardness  of  the  steel  worm,  its  machine  finish  and 
the  accuracy  of  finish  on  the  worm  wheel  teeth  have  a 
direct  bearing  on  the  proper  selection.  These  conditions 
are  best  determined  by  the  designing  engineer.  It  is  my 
desire  to  give  the  metallurgical  facts  in  each  instance 
and  leave  the  final  selection  to  the  engineer  because  of 
his  experience  with  the  finished  worm  gear  mechanism. 
I  do  wish  to  point  out,  however,  that  the  bronze  is  fully 
as  important  as  the  other  parts  of  the  mechanism  and 
should  be  as  carefully  made  and  controlled. 

With  the  idea  of  adding  to  present  information  on  the 
subject,  I  have  attempted  to  present  here  such  metal- 
lurgical data  as  would  seem  to  be  pertinent. 

I  wish  to  acknowledge  my  indebtedness  to  Hugh  R. 
Corse  for  many  valuable  suggestions  relating  to  the  sub- 
ject matter  of  the  paper  and  to  George  P.  Comstock  for 
his  aid  in  preparing  the  microphotographs  and  tables. 


Digitized  by  VjOOQIC 


CLEVELAND  SECTION  PAPERS 

EFFECTS  OF  LOW  TEMPERATURE  ON 
STARTING 

By  O  W  A  Getting* 

The  starting  troubles  encountered  because  of  cold 
weather  conditions  are  most  exasperating  to  the  car 
user,  but  in  the  majority  of  cases  iare  avoidable  if  all 
the  effects  of  low  temperatures  have  been  anticipated  by 
the  automobile  designer.  The  proper  application  of  the 
electric  starter  and  storage  battery  for  use  on  passenger 
cars,  motor  trucks  and  tractors  presents  problems  to  the 
engineer  which,  if  properly  solved,  will  prevent  some  of 
the  troubles  which  have  occurred  frequently  in  the  past. 

No  apparatus  is  required  to  operate  under  such  a 
variety  of  conditions  as  the  automobile  engine  and  its 
accessories.  The  range  of  temperature  from  the  heat  of 
summer  to  the  freezing  cold  of  winter  is  one  of  the  con- 
ditions that  must  be  appreciated  in  making  the  proper 
application  of  the  storage  battery  for  this  service.  Stor- 
age batteries  that  will  operate  satisfactorily  under  these 
extreme  conditions  can  be  made,  but  engineers  must 
take  into  consideration  certain  existing  facts.  In  cold 
weather,  the  capacity  and  the  voltage  of  a  battery  are 
less  than  at  normal  temperatures.  Likewise,  it  is  much 
more  difficult  to  start  an  engine  because  of  the  effects  of 
these  cold  temperatures  on  the  lubrication  and  also  oh 
the  carburetion  of  the  fuel.  In  addition  to  these  facts 
we  find  that  the  efficiencies  of  electric  starting  motors 
are  considerably  less  at  the  low  cranking  speeds  en- 
countered under  these  cold  weather  conditions.  The 
factor  that  must  he  used  in  determining  the  size  of  the 
storage  battery  is  the  power  required  to  start  the  engine 
under  cold  weather  conditions. 

Considerable  data  on  cold  weather  starting  have  been 
secured.  It  is  the  purpose  of  this  paper,  first,  to  give  a 
short  r^sum^  of  these  tests  and,  second,  to  summarize 
these  results  so  as  to  predict,  if  possible,  the  size  of 
storage  battery  that  is  required  for  starting  any  engine, 
giving  the  approximate  ampere-hour  battery  capacity  in 
terms  of  the  piston  displacement  of  the  engine. 


•Engineer,  Willard  Storagre  Battery  Company 
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Battery  Sizes 

Heretofore,  not  enough  attention  has  been  sriven  to  the 
size  of  storage  battery  required  on  a  car  and  almost  in- 
variably a  small  size  of  battery  has  been  used  when  a 
larger  battery  would  have  given  better  service.  This 
haphazard  application  of  the  battery  shows  great  incon- 
sistencies when  a  plot  (Fig.  1)  is  made  of  the  battery 
sizes  against  engine  displacements.  The  data  for  this 
plot  are  taken  from  a  li£^  of  all  the  1917  passenger 
cars   and  are  no  doubt  representative  of  present-day 
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FlO.     1 — COlffPARlBON    OP    SiZB    OP    STORAQB    BaTTBRT    WITH    EiNOINB 
DiSPLACBMBNT  ON   1917   PA88SNGBR  CaRS 


practice.  It  can  be  seen  that  the  80  ampere-hour  battery 
is  used'  on  cars  having  piston  displacements  from  95 
to  426  CU.  in.  On  the  other  hand,  the  100  ampere-hour 
battery  is  used  on  cars  with  displacements  ranging 
from  170  to  425  cu.  in.  Undoubtedly*  cars  with  piston 
displacements  over  200  cu.  in.  should  be  equipped  with 
a  larger  battery  than  80  ampere-hour  and  those  with 
displacements  greater  than  250  cu.  in.  should  have  a 
battery  larger  than  100  ampere-hour.     The  foregoing 
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plot  is  true,  of  course,  only  if  the  gear  ratios  between  the 
starter  and  engine  are  the  same.  On  present-day  makes 
of  cars  this  is  practically  so,  inasmuch  as  the  majority  of 
the  cars  are  equipped  with  the  single-gear  reduction  with 
ratios  approximately  equal  to'  10  to  1. 

With  the  purpose  in  mind  of  securing  some  factor  that 
will  determine  definitely  the  size  of  battery  required  for 
every  size  of  car,  engines  were  tested  with  their  starting 
motors  and  batteries  in  a  large  refrigerator  to  find  the  ac- 
tual power  required  to  turn  over  the  engine  at  various 
temperatures.    The  exact  minimujn  of  temperature  at 


Fia.  2 — ^AvBRAOB  Temperatures  in  Various  Localitibs  Throughout 
U.  S.  During  Threb  Winter  Months 
Note:    Small  numbers  beside  circles  give  absolute  minimum  tem- 
peratures. 


which  the  engine  should  start  promptly  is  of  course  de- 
batable. 

Average  Low  Temperatures 

Fig.  2  shows  a  chart  which  was  compiled  from  data  on 
temperatures  obtained  by  the  U.  S.  Weather  Bureau.  The 
figures  within  the  circles  are  averages  observed  dur- 
ing the  three  winter  months  for  a  long  series  of 
years  at  various  stations  throughout  the  United  States. 
The  small  figures  beside  the  circles  give  the  absolute 
minimum  temperatures  in  the  same  localities  during  this 
period  of  time.  It  will  be  noted  that  only  three  states 
have  an  average  temperature  lower  than  10  deg.  fahr. 
If  then  we  take  10  deg.  fahr.  as  a  cold  weather  standard 
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and  design  the  engine  and  all  the  automobile  accessories 
to  operate  properly  at  this  temperature,  little  trouble 
should  be  experienced  during  the  winter  months  and  sat- 
isfactory service  from  the  apparatus  v^ill  be  assured. 

One  of  the  effects  of  low\emperature  on  a  storage  bat- 
tery is  to  lower  the  terminal  voltage,  especially  at  the  high 
rates  of  discharge  that  are  required  by  the  starting 
motor.  Fig.  3  shows  the  "five-second"  voltage  curves  of 
a  100  ampere-hour  battery  at  80  deg.  fahr.  and  at  10  deg. 
fahr. 

By  the  term  "five-second  voltage"  is  meant  the  voltage 
that  a  battery  will  give  at  the  end  of  five  seconds  at  a  cer- 
tain discharge  rate  of  current.  In  other  words,  the  bat- 
tery represented  by  Fig.  3  will  have  a  voltage  of  4.82 
after  five  seconds  discharge  at  400  amperes  at  a  tempera- 
ture of  80  deg.  fahr.  It  will  be  seep  from  this  curve  that 
this  battery  would  not  be  suitable  for  an  engine  with  a 
starter  requiring  300  amperes  at  4.5  volts  when  the  tem- 
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perature  was  10  deg.  fahr.  or  lower.  CurVes  such  as  these 
should  be  used  in  all  starting  motor  designs. 

Fig.  4  is  a  picture  of  a  refrigerating  machine  and  coolr 
ing  chamber  used  for  testing  an  automobile  engine  with 
its  starter  and  battery  at  low  temperatures.  This  re- 
frigerator can  be  cooled  to  a  temperature  as  low  as  30 
deg.    The  engine  to  be  tested  is  placed  within  the  box 


PiQ.  4 — Refriqerator  Used  for  Testing  Engines  for  Coud  Weather 
Starting  Characteristics 

and  wires  are  brought  out  from  the  battery  and  starter 
to  read  the  electrical  input  required  to  start  the  engine 
at  low  temperatures.  A  thermometer  and  some  anti-f  reeze 
solution  are  placed  in  the  cooling  chamber  of  the  engine 
and  the  temperatures  can  be  observed  from  the  outside  of 
the  box  by  means  of  a  small  observation  door  in  the  main 
door  of  the  box.  The  revolutions  of  the  engine  are  obtained 
by  means  of  an  electrical  contactor,  which  rings  a  beU 
outside  of  the  refrigerator.  After  the  starting  data 
are  obtained  at  the  normal  room  temperature,  the  box  is 
slowly  cooled  to  any  desired  temperature  and  the  starting 
characteristics  of  the  engine  at  this  temperature  are  then 
observed. 
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Test  Restdts 

Table  I  gives  the  results  of  a  test  on  a  four-cylin- 
der engine  having  a  piston  displacement  of  171  cu.  in. 
The  values  in  this  table  give  the  power  that  is  required 
to  break  away  the  engine  and  then  roll  it  at  a  certain 
speed  and  temperature.  These  results  are  plotted  in  Fig. 
6,  the  curves  showing  the  average  power  used  for  the 


TABLB  I ^POWER   RBQUIBBD  TO 

Break  and  Roll  4-Ctl.  Engine 

Motor  Volts 

Amperes 

Watts 

IS^ 

Temp.. 

Break       Roll 

'Break 

Roll 

Break 

Roll 

4.76           4.0 

200 

175 

950 

700 

61 

60 

6.20           6.0 

260 

176 

1860 

876 

180 

60 

6.90           6.76 

210 

180 

1240 

1036 

162 

60 

4.16            8.60 

245 

276 

1020 

990 

42.6 

80 

4.60            4.25 

280 

270 

1286 

1160 

67 

80 

4.70            4.26 

260 

280 

1220 

1190 

66.6 

80 

4.60            4.25 

276 

286 

1240 

1210 

66.6 

80 

6.60            6.10 

260 

265 

1610 

1860 

83.6 

80 

8.90            8.4 

810 

280 

1210 

960 

24.6 

10 

8.70            4.2 

290 

810 

1076 

1300 

31.6 

10 

8.90            4.2 

816 

800 

1230 

1260 

88 

10 

6.80            4.6 

886 

880 

1960 

1486 

48 

10 

6.10            6.6 

880 

890 

2320 

2140 

71.6 

10 

Figures  in  columns  headed  "Break"  are  the  instantaneous  read- 
ings taken  the  moment  the  circuit  closed. 

Figures  in  oolunms  headed  "Roll"  are  the  average  readings  taken 
while  the  engine  was  rolling. 

break-away  and  roll  of  the  engine  at  various  engine 
speeds  and  temperatures.  The  engine  in  this  test  had  one 
cylinder  which  required  about  60  amperes  more  than  any 
one  of  the  other  three  cylinders  during  the  roll  of  the 
crankshaft.  This,  however,  is  the  service  that  is  demand- 
ed of  a  new  storage  battery  on  a  car,  as  the  engines  are 
often  not  ''run  in"  sufficiently  before  shipment  is  made 
by  the  car  manufacturer.  A  90  ampere-hour  battery,  at  a 
temperature  of  10  deg.  fahr.  turned  over  this  engine  at  a 
temperature  of  8  deg.  fahr.  at  80  r.p.m. 
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A  considerable  variation  in  the  power  demand  from  the 
storage  battery  is  caused  by  poor  design  and  application 
of  the  starting  motor.  Fig.  6  shows  curves  of  power  used 
by  four  different  types  of  starters  on  a  six-cylinder 
engine.  The  light  weight  starter  D  required  about  1  kw.  of 
power  more  than  the  starter  A,  in  which  the  proportions 
of  the  various  parts  were  more  liberal.     These  curves 
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Fio.  6 — Power  Required  at  10  Deo.  Fahr.  by  Different  Types  of 
Starters  on  a  6-Cylinder  Engine  of  268  Cu.  In.  Displacement 

indicate  that  the  tendency  to  a  lighter  and  cheaper  starter 
will  necessitate  the  use  of  a  larger  storage  battery.  The 
automobile  engineer  must  therefore  decide  where  a  com- 
promise between  the  battery  and  starter  will  give  the  best 
economy  and  service.  In  the  case  of  the  engine  in  ques- 
tion, starter  B  was  used.  At  30  deg.  fahr.  this  starter 
with  a  120  ampere-hour  battery  rolled  the  engine  at  a 
speed  of  30  r.p.m. 

In  Fig.  7  corresponding  curves  are  shown  on  an  eight- 
cylinder  engine  having  a  displacement  of  332  cu.  in.  This 
engine  was  made  by  a  well  known  engine  manufacturer 
and  the  fittings  of  all  the  parts  were  well  made.  The 
results  on  this  test  were  therefore  lower  in  proportion  to 
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Bngins  of  303  Cu.  In.  Displacement  Before  and  After  Removing 

Pistons  and  Connecting -Rods 
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the  size  of  the  engine  than  on  some  of  the  other  engines 
tested  at  these  cold  temperatures. 

A  bad  feature  in  the  design  of  bearings  was  brought 
out  in  one  of  the  cold  temperature  tests  during  these  in- 
vestigations. The  bearing  caps  on  one  of  the  engines 
tested  were  made  of  aluminum,  and  at  the  low  tempera- 
ture these  bearings  were  found  to  be  shrunk  tight  on  the 
shaft,  due  to  the  difference  in  the  coefficients  of  expansion 
of  the  two  metals.  During  the  test,  it  was  observed  that 
this  engine  required  an  unusually  large  amount  of  power 
to  start  it.  The  pistons,  connecting-rods  and  camshaft 
drive  were  therefore  removed ;  the  power  required  to  turn 
the  crankshaft  and  flywheel  was  found  to  be  considerable. 
Fig.  8  shows  that  the  power  required  for  this  latter  con- 
dition was  about  one-third  of  the  total  power  required  to 
break-away  and  turn  the  engine  without  the  pistons  re- 
moved. At  6  deg.  fahr.  with  the  pistons  removed  and  2.8 
kw.  supplied  to  the  starter  it  was  impossible  to  pry  the 
engine  loose  with  a  10-in.  lever  in  the  teeth  of  the  fly- 
wheel. The  results  of  this  test  gave  values  that  were 
about  100  per  cent  higher  than  the  average  of  all  the  en- 
gines tested  under  these  cold  weather  conditions. 

SUMBiART  OF  TeSTS 

other  engines  were  tested  in  addition  to  those  men- 
tioned in  the  foregoing  and  all  the  results  were  averaged 
so  as  to  determine,  if  possible,  the  power  required  to  start 
any  size  of  engine.  It  was  found  ijiat  it  is  hardly  possible 
to  lay  down  a  hard-and-fast  rule  for  this  purpose,  but  a 
close  approximation  is  possible.  Average  resultis  on  the 
engines  tested  differed  for  various  reasons,  such  as  vari- 
ation in  compression,  difference  in  viscosity  of  the  lubri- 
cating oils  at  low  temperatures,  variation  in  refinement  in 
ihe  fittings  of  the  engine,  and  difference  in  design  of  the 
starting  motors. 

Fig.  9  and  Fig.  10  give  a  summary  of  the  power  re- 
quired to  start  the  various  sizes  of  engines  at  normal 
temperatures  and  10  deg.  fahr.  respectively.  These 
curves  are  plotted  with  the  axes  of  motor  input  against 
the  piston  displacement  of  the  engine.  It  would  have  been 
more  logical  perhaps  to  plot  the  power  used  against  the 
area  of  the  rubbing  surface  of  the  piston  walls,  but 
this  relation  did  not  average  the  points  any  better  than 
the  one  shown  in  the  curve.  For  convenience,  then,  the 
co-ordinates  used  in  the  curves  were  chosen. 

Having  ascertained  the  power  required  to  start  the 
engine,  but  one  more  step  is  necessary  to  determine 
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the;  approximate  size  of  storage  battery  that  is  needed 
for  this  service.  Fig.  11  and  Fig.  12  show  the  "five- 
second  voltage''  curves  of  various  sizes  of  batteries 
at'&O  dbg.  fahr.  andlO  deg.  fahr.  respectively.  The  power 
that  is  available  for  five  seconds  from  any  of  these  ba.t- 
teries  is  the  product  of  the  volts  and  the  amperes  at  aciiy 
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of  the  intersections  of  these  coordinates.  The  dotted 
lines  on  these  curves  represent  the  power  that  can  be  ob- 
tained from  any  of  these  batteries  for  a  period  of  five 
seconds.  From  these  curves  it  is  possible  to  determine 
the  amount  of  power  that  a  sriven  size  of  battery  vnll  de- 
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liver  when  discharged  at  a.  certain  rate  of  current  or 
discharged  at  some  predetermined  terminal  voltage. 

From  these  curves  and  the  results  of  the  engine  tests 
it  is  possible  to  estimate  the  cranking  speed  of  any  size 


Table  II — Minimum  Battbrt  Sizes  for  Starting  Systems 
Engine  Size  Battery  Sise 

Cu.  In.  Displacement  Ampere-Hours 

Up  to  126 70 

125  to  200 85 

200  to  260 100 

--  260  to  800 120 

300  to  360 140 

-      160  to  400 160 

400  to  475 180 

4^6  to  600 206 

For  6-volt  systems  with  gear  ratio  approximately  equal  to  10  to  1. 
For  starting  systems  of  higher  voltage  or  gear  ratios  greater  than 
10  to  1,  the  battery  size  can  oe  reduced  proportionally. 

of  engine  with  a  given  battery  at  a  temperature  of  10 
deg.  f ahr.  when  it  is  equipped  with  a  6-volt  starter  with 
a  ge^r  ratio  approximately  equal  to  lOto  1.  This  has 
been  done  in  the  curves  of  Fig.  13,  which  ^how^the  aver- 
age results  of  the  engine  speeds  at  10  deg.  fahr.  with  the 
crlze  of  storage  battery  plotted  against  the  size  of  the 
engine.    Table  II  gives  the'ihiiiinium  size  of  battery  that 
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SUPPLEMENT  TO  WORM  GEAR  BRONZES  BY   W.   M.  CORSE. 


Pia.  2 — CoppKR-TiN  Alloy  Cast  in  Sand 
Magnification — 200  Diameters 


Fia.  3 — Same  Aux> 
Magnific 


1^- 


Fio.  5 — Same  Alloy  as  in  Fiq.  7,  But  Reheated  and  Cooled 

Slowly 

Magnification — 200  Diameters 


Pia.  6 — Same  Ali 
Magnification — i 
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)7  AS  IN  Pia.  2,  But  Chill  Cast 
cation — 200  Diameters 


Fig.  4 — Aluminum-Bronzb  Alloy  Cast  in  Sand 
Magnification — 20  Diameters 


X)Y  AS  IN  Fia.  4 
400   Diameters 


•  •     • 
Fig.  7 — Aluminum-Bronze  Hardened  by  Quenching  \n  I^a^teb 

Magnifixsation — 200  Diameters  *    * 
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is  satisfactory  for  use  on  a  6-volt  starting  system  when 
the  gear  ratio  is  approximately  equal  to  10  to  1.  The 
basis  for  these  data  is  the  power  that  is  required  by  the 
starter  at*  10  deg.  fahr.  as  shown  in  Fig.  10  and  also  that 
power  which  is  available  at  this  temperature  from  the 
battery  when  the  rate  of  discharge  is  about  four  times 
its  twenty-minute  rate.  No  allowance  was  made  for  the 
drop  in  the  leads  or  starting  switch  between  the  starter 
and  the  storage  battery.  This  drop  varies  in  the  differ- 
ent applications  from  0.2  to  0.5  volts  and  should  be  made 
as  small  as  possible,  so  as  to  utilize  the  maximum  power 
that  is  available  from  the  battery. 

The  values  given  in  Table  II  have  been  indicated  in 
Fig.  13  by  the  dotted  lines.  It  will  be  noted  that  the  bat* 
tery  sizes  given  in  the  table  lie  between  the  cranking 
speeds  of  20  and  50  r.p.m.  at  10  deg.  There  are  diverse 
opinions  in  regard  to  the  minimum  speed  for  successful 
starting,  a  condition  which  necessarily  depends  not  only 
on  the  electrical  system  but  also  on  the  ignition,  lubrica- 
tion and  carburetion  of  the  fuel.  The  battery  capacities 
recommended  in  Table  II  are  the  minimum  sizes  that 
will  give  satisfactory  starting  service  at  10  deg.  fahr.  in 
accordance  with  the  average  results  of  all  these  low 
temperature  investigations.  Some  engines  may  be  found 
that  will  require  larger  batteries  than  these  sizes  and  in 
such  cases  greater  capacities  should  undoubtedly  be  used. 

One  of  thiB  features  that  was  brought  out  forcefully 
in  these  cold  temperature  tests  was  the  effect  of  the  cold 
on  the  viscosity  of  the  lubricating  oils.  As  the  tempera- 
ture decreases,  the  viscosity  increases  and  causes  a  much 
greater  resistance  to  turning.  One  certain  grade  of  oil 
became  a  solid  mass  at  these  cold  temperatures.  A  medi- 
um grade  of  oil  in  another  test  was  found  to  have  the 
consistency  of  extra  heavy  oil  when  cooled  to  10  deg. 
fahr.  Therefore,  a  light  or  a  medium  grade  of  oil  of  a 
quality  that  will  not  lose  its  lubricating  proi)erties  at  10 
deg.  fahr.  or  hinder  the  successful  operation  of  the  start- 
ing system  should  be  used  on  cars  during  the  winter 
months. 

Another  of  the  features  noted  in  these  investigations, 
namely  the  effect  of  low  temperatures  on  the  ignition 
system,  showed  clearly  one  of  the  reasons  for  the  adop- 
tion of  battery  ignition  in  place  of  magneto  ignition. 
The  cranking  speed  was  seldom  rapid  enough  to  fire  the 
fuel  in  the  cylinders  when  the  magneto  was  used.  How- 
ever, when  a  battery  of  sufficient  capacity  is  used  to  turn 
the  engine  over  successfully,  the  battery  voltage  will 
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always  be  high  enough  to  secure  combustion  in  an  engine 
.  equipped  with  a  well-designed  battery  ignition  system. 
The  grade  of  fuel  and  also  its  carburetion  have  a 
grfeat  influence  on  successful  starting  at  low  ^mper^- 
tures.  The  installation  of  a  good  electrical  system  will  be 
utterly  negative  in  results  if  the  grade  of  fuel  or  poor 
carburetion  keeps  the  engine  from  firing.  If  the  elec- 
trical system  turns  over  a  cold  engine  at  some  reasonably 
high  speed,  it  should  be  unnecessary  for  the  car  user  to  be 
put  to  the  inconvenience  of  heating  the  carbureter  and 
manifold  of  the  engine  to  cause  the  ignition  of  the  fuel. 

Author's  Conclusions 

1  The  size  of  a  storage  battery  for  starter  service  is 
determined  by  the  power  required  to  start  and  roll  an 
engine  at  some  reasonably  cold  temperature  (10  deg. 
fahr.)  at  a  sufficient  speed  to  cause  ignition. 

2  Starting  troubles  may  be  due  to  lack  of  battery 
capacity,  improper  application  or  lack  of  size  of  the 
starter,  viscosity  of  lubricant  at  low  temperatures, 
faulty  ignition,  poor  carburetion,  or  an  inferior  grade 
of  fuel. 

3  A  good  design  of  engine  and  its  accessories  should 
take  into  consideration  all  of  these  causes  and  provide  for 
satisfactory  starting  at  a  temperature  no  higher  than  10 
deg.  fahr. 

4  At  10  deg.  fahr,  the  available  battery  capacity  is  ap- 
proximately 50  per  cent  of  the  normal  capacity  and  the 
voltage  at  this  temperature  also  is  reduced  to  a  consider- 
able degree. 

5  At  10  deg.  fahr.  the  efficiencies  of  the  starting  mo- 
tors vary  between  10  and  40  per  cent  for  the  low  crank- 
ing speeds  encountered.  A  design  of  motor  should  be 
used  which  gives  better  starting  torques  and  higher  efr 
ficiencies  at  these  low  speeds,  even  if  it  is  necessary  te 
sacrifice  the  speed  at  which  the  motor  spins  the  engine 
under  normal  temperatures. 

6  A  convenient  double-reduction  gearing  between  the 
starter  and  the  engine  fljrwheel  can  be  made  that  will  .give 
better  starting  characteristics  under  cold  weather  con- 
ditions than  a  single-gear  reduction. 

7  A  good  quality  of  lubricating  oil  and  a  good  grade 
of  fuel  are  requisites  for  satisfactory  starting. 

8  As  there  is  a  wide  divergence  in  the  design  and 
manufacture  of  the  vairious  automotive  engines,  .each  ap- 
plication should  be  tested  separately  to '  determine  tl^ej 
power  that  is  required  to  start  it  undei*  cold  weathier  coij.^* 
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ditions.  In  the  absence  of  such  data»  the  approximations 
derived  in  this  paper  should  be  useful. 

THE  DISCUSSION 

A  Member: — In  the  case  of  lubricant  actually  frozen 
or  solidified,  was  the  power  required  to  roll  the  engine 
after  it  was  broken  loose  found  to  be  less  or  greater  than 
when  the  oil  was  not  frozen? 

Mr.  Getting: — I  have  no  exact  data  on  that  point. 
More  power  would  be  required  after  it  was  frozen,  for 
it  would  probably  have  to  run  for  a  little  while  to  bring 
up  the  temperature. 

A  Member: — ^Would  the  average  starter  break  it  loose 
when  frozen  that  way? 

Mr.  Getting: — ^We  made  tests  of  different  grades  of 
lubricating  oils  in  test  tubes,  our  one  object  being  to 
find  out  if  any  engines  were  using  a  grade  of  oil  that 
would  solidify.  I  remeipber  removing  the  thermometer 
from  one  test  tube  of  oil  that  had  stood  over  night,  and 
a  hole  remained  in  the  oil. 

A  Member: — ^Was  a  rule  formulated  for  picking  out 
a  good  oil? 

Mr.  Getting: — No,  it  was  not.  There  should  be  defi- 
nite specifications  written  by  automobile  engineers  for 
testing  oils,  and  recommendiations  made  to  car  users  of 
oils  suitable  for  successful  service. 

Chairman  Strickland: — Gne  takes  chances  in  putting 
a  light  oil  into  a  high-powered  engine  to  take  care  of 
freezing  temperatures,  especially  when  traveling  rapidly 
after  starting  the  engine.  We  have  heard  a  good  deal 
the  last  two  winters  about  these  conditions.  We  have 
been  getting  water  in  the  crankcase  and  thinning  the  oil. 
In  some  cases  I  believe  that  water  circulates  with  the 
oil,  and,  when  stopping,  more  or  less  moisture  is  left  in 
the  bearings;  that  freezes,  and  is  partly  responsible  for 
"sewing  up"  the  engines. 

John  McGeorge  (M.  S.  A.  E.) :— The  burden  of  the 
paper  seems  to  be  that  low  temperature  results  in  freez- 
ing the  engine,  and  that  is  the  fault  of  the  oil  in  the  en- 
gine. Is  it  not  a  fact  that  the  battery  itself  causes  some 
trouble?  Does  not  low  temperature  have  some  effect  on 
the  action  of  the  battery? 

Mr.  Getting: — ^Yes.  The  fact  was  mentioned  that  at 
10  deg.  fahr.  the  battery  capacity  is  50  per  cent  less  than 
at  normal  temperature.  It  is  an  inherent  quality  of 
the  battery  that  cannot  be  changed  in  any  way.  We 
must  design  with  that  in  mind. 
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A  Member: — ^When  using  it  the  engine  has  approxi- 
mately the  same  friction  in  cold  as  in  warm  weather,  after 
it  has  been  broken  loose.  That  is  one  of  its  peculiarities. 
I  had  occasion  to  try  that  recently  on  an  engine  that  had 
been  standing  in  the  cold,  unused,  for  about  one  month ; 
after  I  broke  it  loose  it  cranked  as  easily  as  in  summer 
time,  and  also  started  properly.  To  break  it  loose  I  just 
pulled  on  the  starting  crank.  It  was  not  very  hard  That 
engine  has  had  a  graphite  lubricant  in  it  from  the  time  it 
was  tested,  about  six  years  ago;  the  valves  have  never 
been  ground,  and  the  compression  is  as  good  as  ever. 
Except  for  the  last  two  or  three  months  it  has  run  every 
day  for  five  years.  The  graphite  particles  in  the  lubri- 
cant used  are  so  fine  that  they  will  go  through  a  porcelain 
filter  without  clogging.  If  the  cylinder  is  cracked  a 
little  line  will  be  noticed  where  the  lubricant  has  gone 
into  the  iron  after  running  an  engine  with  it  a  fe^ 
thousand  miles. 

A  Member: — Does  the  temp'erature  of  the  electrolyte 
make  any  difference,  and  does  it  have  the  same  effect  at 
all  densities? 

Mr.  Getting: — ^At  about  1.300  density  of  the  acid 
electrolyte  the  freezing  point  is  around  — 90  deg.,  and  as 
the  density  becomes  less  the  freezing  point  is  raised.  It 
is  best  to  keep  the  battery  charged  so  it  will  not  freeze. 
.  A'  Member: — Suppose  the  density  is  down  to  one-half 
of  normal.  There  will  be  a  certain  discharge  from  the 
battery  if  the  motor  is  started  at  a  temperature  of,  say, 
60  deg.;  now,  would  there  be  the  same  percentage  of 
drop  at  10  deg.? 

Mr.  Getting: — I  think  the  percentage  would  be  the 
same,  but  it  is  dangerous  to  let  the  battery  go  down  in 
cold  weather. 

Larger  Batteries  Advisable 

A  Member: — Should  car  manufacturers  use  larger  bat- 
teries? 

Mr.  Getting: — The  majority  of  them  ought  to  have 
larger  batteries.  As  Fig.  1  of  my  paper  showed,  no 
relation  between  engine  size  and  battery  size  seems  to 
have  been  adopted.  There  should  be  a  definite  relation, 
and  I  would  say  75  per  cent  ought  to  have  larger  bat- 
teries. 

A  Member: — In  view  of  the  fact  that  manufacturers 
will  not  pay  more  money,  would  it  not  be  feasible  to  use 
thinner  plates? 

Mr.  Getting: — Thinner  plates  cut  down  life.  I  think 
the  majority  of  manufacturers  put  in  batteries  that  usu- 
ally last  18  to  24  months. 
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Chairman  Strickland: — It  seems  to  me  that  the 
curves  used  in  the  paper  were  based  on  average  condi- 
tions. The  first  chart  shows  the  sizes  of  batteries  on  all 
the  cars,  and  of  course  it  could  be  said  that  those  under 
the  average  line  should  have  larger  batteries  and  those 
over  the  line  should  have  smaller  batteries.  Are  there 
other  causes  for  the  deterioration  of  batteries  than  those 
mentioned? 

T.  R.  Cook  (M.  S.  A.  E.) : — I  do  not  know  that  one 
can  name  them.  A  battery  simply  runs  down  after  giving 
out  so  much  current.  The  result  of  deterioration  of  the 
plate  is  overheating  in  summer  time.  With  a  large  bat- 
tery installed  one  can  charge  sufficiently  to  take  care 
of  conditions  in  winter  time,  and  yet  not  overheat  the 
battery  in  the  summer  time.  Records  from  our  service 
stations  show  that  the  average  battery  life  is  about  24 
months.  That  applies  to  batteries  used  on  different  makes 
of  cars.  There  is  one  particular  car  that  uses  an  oversize 
battery,  and  these  have  a  life  of  30  months,  while  cars 
using  smaller  batteries  give  out  in  12  or  16  months.  I 
think  it  is  safe  to  say  that  the  greatest  trouble  is  over- 
heating the  smaller  batteries  in  summer.  With  a  small 
battery,  the  charging  necessary  to  take  care  of  the  crank- 
ing and  lighting  in  winter  is  of  such  amount  that  in  sum- 
mer the  battery  temperature  would  increase  to  140  deg. 
or  160  deg.    This  results  in  rapid  shedding  of  the  plates. 

A  Member: — I  do  not  believe  the  size  of  the  battery 
makes  much  difference;  for  instance,  starting  out  at  10 
deg.,  and  making  several  calls,  taking  over  15  seconds 
time  to  start  the  engine,  how  long  would  160  amperes 
last?  The  engine  would  not  get  warm  enough  to  run 
over  five  miles  an  hour.  What  difference  would  size 
make  if  the  engine  would  not  start  after  one  hour's  use? 

Motor  Efficiency 

Chairman  Strickland: — That  point  is  well  taken.  1 
think  the  causes  for  the  running  down  of  batteries  are 
various.  The  best  and  largest  batteries  will  give  out. 
One  conclusion  seems  remarkable  to  me,  because  it  differs 
from  our  original  basis.  In  reference  to  the  design  of 
the  motor  for  efficiency,  a  question  came  up  as  to  whether 
to  have  it  efficient  at  high-cranking  speed  or  at  low- 
cranking  speed.  The  basis  on  which  we  formerly  worked 
was  to  have  it  efficient  at  the  standard  cranking 
speed,  which  at  that  time  was  around  125  r.p.m.  under 
ordinary  conditions.  Our  assumption  was  based  on  the 
belief  that  batteries  were  run  down  because  of  other 
troubles — ignition  or  carburetion.     Our  claim  was  that 
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the  more  efficient  we  made  the  motor  at  that  speed  the 
longer  we  could  keep  on  spinning  it,  and  finally  get 
started;  or,  in  other  words,  there  would  be  more  life  in 
the  battery.  Now,  these  cold  spells,  10  deg.  and  lower, 
where  tremendous  current  is  required  for  low-speed 
cranking,  do  not  occur  very  often,  and  I  do  not  consider 
it  policy  to  proportion  the  motor  to  have  its  best  efficiency 
at  low  speeds.  The  author  of  the  paper  differs  from» 
that  view,  and  I  would  like  to  hear  other  reasons.  L 
think  some  of  the  trouble  lies  in  the  poor  upkeep  of  the 
generator;  for  example,  brushes  are  allowed  to  wear 
down. 

Mr.  Cook: — In  the  winter  time  more  lighting  is  re- 
quired than  in  summer,  and  it  is  therefore  desirable 
to  take  out  as  little  current  as  possible.  Consequently, 
better  motor  efikiency  at  low  speeds  is  of  advantage. 

Chairman  Strickland: — I  did  not  mean  to  advocate 
maximum  motor  efficiency  for  summer  time;  neither  do 
I  think  that  the  author  meant  at  10  deg.  He  referred 
to  low  speeds;  what  speeds  does  he  mean? 

Mr.  Getting: — Until  recently,  we  were  ignorant  of  the 
fact  that  cranking  speeds  of  10  to  20  r.p.m.  were  obtained 
at  10  deg.  fahr.  The  starter  should  be  designed  to  have 
higher  efficiency  when  it  is  most  needed.  If  a  car  can 
be  started  at  10  deg.  it  can  be  started  easily  at  70  to  80 
deg.  The  point  I  make  in  the  paper  is  that  the  battery 
size  is  determined  by  the  power  necessary  to  crank  the 
engine  at  10  deg.,  and  what  will  take  care  of  it  at  10 
deg.  will  take  care  of  it  at  any  temperature.  As  shown 
on  the  chart,  I  took  10  deg.  as  an  average  low  temper- 
ature. Many  places  get  as  cold  as  — 30  or  —40  deg.,  but 
those  are  extreme  conditions  that  it  would  not  be  right 
to  ask  manufacturers  to  meet. 

Evaporation  of  Water 

A.  J.  SCAIPB  (M.  S.  A.  E.) :— With  a  small  battery  the 
water  evaporates  very  rapidly  in  summer,  which  I  im- 
agine is  very  hard  on  the  plates.  I  know  of  a  twelve-volt 
battery  that  during  summer  would  go  for  a  month  before 
the  water  would  get  below  the  top  of  the  plates.  It  was 
a  battery  of  ample  capacity,  and  as  it  was  large  enough  to 
take  care  of  the  output  of  the  generator  it  never  became 
very  warm,  and  the  water  was  not  evaporated. 

Chairman  Strickland: — I  believe  the  battery  people 
advise  filling  frequently  in  summer  time. 

Mr.  Getting: — Fill  the  battery  once  a  week  for  con- 
stant running  in  summer. 
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A  Member: — ^What  would  be  the  effect  of  putting  oil 
over  the  surface  of  the  battery? 

Mr.  Cook: — That  was  done  years  ago,  but  it  did  not 
have  the  desired  effect.  When  trying  to  put  in  more 
current  than  the  battery  can  take  the  battery  starts  to 
tsiye  off  gas,  and  the  electrolyte  level  drops. 

Chairman  Strickland: — How  long  was  the  engine 
left  in  the  cold  room  before  making  these  tests? 

Mr.  Oetting: — To  get  an  engine  down  to  zero,  or  10 
deg.,  to  insure  a  uniform  temperature  throughout,  it  had 
to  be  left  in  the  box  over  night.  Anti-freeze  has  been 
placed  in  the  cooling  chamber  to  aid  in  this. 

Chairman  Strickland: — I  have  found  also  that  a  car 
left  in  the  cold  two  days  is  much  worse  than  when  left 
for.  one  day.  Probably  it  reaches  a  certain  point  where 
it  will  stand  still,  and  I  knew  leaving  it  from  Saturday  to 
Monday  makes  a  decided  difference. 

A  Member: — The  idea,  apparently,  is  to  install  a  very 
large  storage  battery  to  start  the  motor.  I  have  a  12-volt, 
120-amp-hr.  battery  in  a  very  small  machine,  and  all  this 
winter  I  have  had  no  trouble  whatever  in  turning  over 
the  engine.  I  have  had  considerable  starting  trouble, 
but  none  so  far  as  spinning  the  engine  is  concerned. 
I  have  a  double-ignition  system.  The  car  has  been 
frozen,  and  although  the  storage  battery  would  turn 
the  engine  over  at  a  rate  of  speed  that  ordinarily  would 
start  the  engine,  I  could  not  get  the  proper  carburetion 
or  ignition  to  further  aid  the  starting.  I  had  an  experi- 
ence with  some  transmission  grease  which  absolutely 
prevented  the  starting  of  the  engine  until  the  clutch  was 
released.  That  may  sound  peculiar,  but  that  particular 
grade  of  grease  congealed,  and  prevented  the  starter 
from  turning  over  the  transmission — ^just  the  constantly 
meshed  gears. 

Chairman  Strickland: — I  think  it  is  in  order  to  ask 
whether  a  transmission  was  locked  onto  the  engines 
tested. 

Mr.  Oetting: — In  most  cases,  I  believe,  we  did  not 
have  the  transmission  in.  Some  persons  claim  they  can 
start  bettei^with  the  clutch  in,  and  some  with  the  clutch 
out.  This  does  not  affect  starting  as  much  as  one  might 
suppose. 

A  Member: — My  question  may  not  be  in  order,  but 
why  use  grease  in  the  transmission? 

Chairman  Strickland: — In  winter,  oil  is  like  grease. 

A  Member: — We  have  heard  that  it  would  be  a  good 
plan  to  have  larger  batteries;  also  that  a  majority  of 
manufacturers  object  to  the  increased  first  cost  of  bat- 
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teries.  We  have  arranged  for  oversize  automobile  rims. 
Why  would  it  not  be  a  good  plan  to  work  out  a  battery 
carrier  in  the  same  way,  so  that  the  purchaser  could  buy 
an  oversize  battery,  if  he  wished,  and  stand  the  extra 
expense? 

A  Member: — That  is  all  right,  but  there  is  no  room 
for  it  under  the  front  seat. 

Chairman  Strickland: — If  we  could  persuade  the 
public  and  the  sales  force  to  let  us  place  batteries  on 
running-boards  we  could  take  care  of  that.  The  subject 
has  been  covered  by  reviews  in  automobile  magazines, 
and  it  certainly  would  be  desirable  to  have  the  battery 
in  a  more  accessible  position  than  it  is  on  a  large  per- 
centage of  oars,  and  also  to  have  room  for  a  larger  bat- 
tery if  an  owner  wishes  to  put  it  on. 

Mr.  Scaife: — Is  it  not  true  that  the  Government  is 
now  specifying  practically  the  largest  six-volt  battery 
that  has  ever  been  used? 

Liberty  Truck  Batteries 

Mr.  Getting: — The  battery  used  on  the  Liberty  truck 
is  of  heavier  construction.  The  capacity  is  130  ampere- 
hours,  and  this  battery,  as  tested  by  the  Government,  must 
stand  one  million  vibrations  in  80  hours.  It  is  built  to 
stand  service,  and  does  stand  service. 

Chairman  Stricklanb: — How  many  miles  does  such 
a  test  represent? 

Mr.  Getting: — I  do  not  know  any  way  of  determining 
what  one  million  bumps  in  30  hours  means  in  actual 
service.  I  feel  sure  that  a  battery  to  stand  that  service 
will  be  good  for  at  least  three  or  four  years'  service  under 
actual  running  conditions. 

A  Member: — ^What  sort  of  vibration  are  they  sub- 
jected to? 

Mr.  Getting: — ^The  battery  is  mounted  on  a  platform 
and  dropped  5/16  in.  560  times  per  minute;  that  is  one 
million  bumps  in  80  hours,  and  they  have  withstood  a 
little  over  two  million  such  vibrations. 

A  Member: — The  Government  is  specifying  plates  at 
least  y^,  in.  thick  for  the  batteries  used  in^naval  work. 
They  have  tested  all  the  thin  plates  up  to  ^  in.,  and 
haye  decided  that  the  life  and  reliability  of  a  battery 
is  dependent  on  the  plate  thickness,  everything  else  being 
equal. 

Chairman  Strickland: — Is  there  any  difference  in 
the  life  of  a  twelve  and  a  six-volt  battery? 

Mr.  Getting: — None  whatever;  the  cells  are  all  alike. 
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The  rate  of  current  per  plate  is  the  same,  and  there  is  no 
difference  in  the  gassing. 

A  Member: — Why  are  batteries  placed  in  the  present 
position  in  cars,  the  lugs  coming  under  the  edge  of  the 
seat,  where  they  Cannot  be  reached  with  a  wrench? 

Mr.  Getting: — The  battery  manufacturer  does  not  de- 
sign the  cars,  or  put  the  accessories  on.  We  have  had 
great  difficulty  in  persuading  automobile  builders  to  put 
the  battery  in  some  standard  place.  Gars  come  into  our 
service  stations  that  keep  an  expert  service  man  busy  for 
an  hour  changing  the  battery. 

Chairman  Strickland: — Are  the  batteries  that  are 
placed  under  the  skirting,  those  with  a  special  long 
shape,  growing  in  popularity? 

Mr.  Getting: — No;  I  think  the  square-type  battery  is 
the  one  that  will  come  eventually  if  space  can  be  found 
for  it.  It  makes  a  better  battery  application,  and  per- 
mits better  mounting  of  the  battery  in  the  box. 

A  Member: — Is  it  not  a  fact  that  manufacturers  gen- 
erally ought  to  use  larger  batteries? 

Mr.  Getting  : — That  was  one  of  my  principal  purposes 
in  picturing  these  results,  and  was  one  of  my  conclusions. 
No  doubt  75  per  cent  of  the  cars  ought  to  have  larger 
batteries.  It  would  improve  the  starting  and  lengthen 
the  life  of  the  battery.  The  sizes  recommended  in  this 
paper  are  probably  not  the  last  word  on  the  subject ;  the 
table  in  the  paper  lists  minimum  sizes*. 

A  Member: — ^Why  is  a  square  preferable  to  the  long 
assembly? 

Mr.  Cook: — I  do  not  know  of  any  particular  reason, 
except  that  it  happens  to  be  the  type  of  battery  most 
generally  used,  though  I  think  it  is  better  mechanically 
for  the  ordinary  size  battery.  The/  case  stands  up  better. 
From  a  battery  standpoint,  I  think  there  is  no  preference. 

A  Member: — The  long  assembly  has  one  advantage 
on  most  cars  in  that  it  is  much  easier  for  the  owner  to 
reach  and  easier  for  the  service  station;  they  need  not 
remove  the  cushion  from  the  seat,  and  there  is  no  risk 
of  damaging  upholstery. 

Correct  Location  in  Car 

A  Member: — ^What  is  the  correct- location  of  a  battery 
on  the  car? 

Mr.  Getting: — ^^The  place  of  least  vibration  is  usually 
chosen,  and  I  think  the  automobile  engineers  have  placed 
the  battery  under  the  front  floor-boards,  or  front  seat, 
with  the  idea  of  gaining  longer  life  there.    In  putting  it 
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under  the  seat  of  the  car,  they  have  chosen  a  fairly  good 
place. 

Mr.  Scaife: — Batteries  under  the  front  floor-boards 
are  difficult  to  place  in  position  and  to  protect  from  the 
heat  of  the  engine  in  summer.  I  have  known  of  the  seal- 
ing compound  on  the  battery  melting  owing  to  the  heat 
from  the  engine  and  exhaust  pipe. 

A  Member: — It  is  impossible  to  protect  this  type  of 
battery  so  that  in  washing  the  car  the  water  will  not 
get  into  it.  Furthermore,  it  is  impossible  to  locate  . 
the  cells  of  a  square  battery  so  as  to  safeguard  against 
short-circuiting  between  them.  A  long  battery  will  ob- 
viate short-circuiting.  With  end-to-end  assembly  the 
positive  and  negative  poles  are  farther  apart.  In  fact, 
some  12-volt  assemblies  totally  discharge  themselves  in 
two  weeks  without  any  connection  other  than  leakage. 
That  is  of  some  importance.  I  think  we  have  made 
tests  on  the  ordinary  square  assembly  and  found  it  will 
discharge  itself  in  40  to  60  days  under  fairly  bad  con- 
ditions. 

Lead  verstta  Nickel-Alkaline  Batteries 

Mr.  McGeorgb: — I  hoped  to  hear  something  more 
of  the  low-temperature  characteristics  of  the  bat- 
teries themselves.  I  have  had  experience  with  electric 
batteries,  but  my  experience  with  gasoline  cars  has 
been  slight.  The  discussion  regarding  starting  has  been 
on  the  mechanical  side  of  the  motors  themselves.  In  my 
earlier  days  I  used  nickel-alkaline  batteries  and  had  some 
bad  trouble.  Lead  battery  men  told  me  it  was  be- 
cause the  battery  would  not  stand  the  cold  weather.  At 
that  time  this  battery  was  inclosed  in  a  tight  case  to 
keep  it  warm,  and  I  very  carefully  inclosed  my  batteries 
first  in  wood  and  then  in  steel  to  keep  them  warm.  In 
talking  to  Mr.  Edison  he  asked  me  about  the  construc- 
tion of  the  battery  box.  He  said:  "All  that  I  ask  is 
that  the  draft  shall  be  kept  off." 

Is  it  any  worse  for  a  nickel-alkaline  battery  to  freeze 
than  for  a  lead  one?  Tonight  I  hear  for  the  first  time 
an  intimation  from  a  lead  battery  maker  that  his  bat- 
tery efikiency  falls  off  when  the  temperature  goes  ^own. 

Mr.  Getting: — It  is  entirely  true  that  at  10  deg.  the 
capacity  is  about  50  per  cent.  During  some  tests  on 
lead  and  nickel-alkaline  batteries  at  low  temperatures  the 
lead  battery  gave  all  that  was  expected  at  the  20-min- 
ute  rate  at  10  deg.  while  we  could  not  hold  the  rate  with 
the  nickel-alkaline  battery. 
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A  Member: — I  think  some  of  the  difficulty  has  been 
in  not  making  exact  comparisons.  It  is  true  that  a  lead 
battery  will  drop  to  approximately  50  per  cent  of  its 
capacity,  but  the  lead  battery  has  lower  internal  re- 
sistance than  the  nickel-alkaline  battery.  The  latter  bat- 
tery at  low  temperatures  will  not  maintain  its  voltage  at 
higher  rates.  I  had  the  opportunity  lately  of  testing 
some  nickel-alkaline  cells  at  low  temperature  when  they 
gave  only  about- 10  per  cent  of  their  normal  capacity  at 
a  five  or  six-hour  rate,  while  the  lead  battery  gave 
30  or  40  per  cent  of  its  capacity.  In  northern  countries 
they  take  very  great  care,  in  operating  nickel-alkaline 
batteries,  to  keep  all  compartments  well  inclosed,  covered 
with  felt  and  in  some  cases  even  keeping  carbon  lamps 
burning.  I  know  of  no  cases  where  an  electric  vehicle 
using  a  lead  battery  has  had  to  inclose  or  pad  the  battery 
to  prevent  it  from  getting  cold. 

A  Member: — If  a  battery  is  discharged  and  gives  out 
60  per  cent  of  its  normal  capacity,  will  the  rest  of  it  be 
available  if  the  battery  is  warmed? 

Mr.  Getting: — ^Yes. 

A  Member  :-^When  the  ignition  wires  lead  from  a 
battery  that  is  too  small  under  cold-weather  conditions, 
upon  attempting  to  start  the  motor  the  voltage  of  the 
battery  will  drop  so  low  that  sufficient  ignition  cannot 
be  obtained.  I  have  seen  attempts  made  for  ten  minutes 
to  get  a  car  started  whereas  the  battery  would  start  the  ^ 
engine  immediately  if  the  crank  were  used,  allowing  the  * 
battery  to  furnish  only  the  ignition.  This  shows  that 
instead  of  trying  to  exhaust  the  battery  one  could  start 
under  bad  conditions  by  using  the  battery  for  ignition 
only. 

A  Member: — Is  not  the  failure  of  the  ignition  due. 
to  the  fact  that  at  the  time  the  spark  takes  place  the 
greatest  draw  on  the  battery  is  by  the  starting  motor. 

Mr.  Getting: — ^When  using  the  proper  size  of  bat- 
tery for  starting,  the  voltage  will  not  go  down  so  as  to 
make  the  ignition  faulty. 

A  Member: — It  was  mentioned  that  these  starters  could 
not  be  designed  to  be  more  efficient  at  the  low  speeds; 
now,  what  change  could  be  made  in  the  starter  to  make 
it  more  efficient  at  high  speeds? 

Mr.  Getting: — It  is  a  matter  of  proportion  of  iron 
and  copper  in  the  motor.  The  point  I  made  was  that  a 
design  for  cold  weather  will  work  at  normal  tempera- 
tures, 70  and  80  degrees. 
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A  Member: — Could  that  not  be  attained  at  less  expense 
by  having  greater  reduction? 

Mr.  Getting: — ^Yes,  that  was  one  of  my  conclusions. 
I  think  in  a  double-reduction  there  will  be  a  higher  break- 
away torque.  It  is  not  the  spinning  power  but  the  high 
break-away  torque  that  starts  the  engine.  During  a  test 
made  not  long  ago  on  one  of  the  largest  engines  thus  far 
adapted  to  electric-starter  service  we  used  a  double- 
reduction  on  the  flywheel  drive.  At  normal  temperature 
the  motor  turned  over  at  90  r.p.m.;  in  cold  weather  at 
15  deg.  the  engine  turned  over  at  75  r.p.m.  The  double 
reduction  was  17  to  1  and  the  engine  four-cylinder  with 
5-in.  bore  and  7Vi-in.  stroke.  The  armature  of  a  start- 
ing motor  on  a  starter  of  this  kind  must  be  designed  to 
have  a  high  acceleration  so  that  there  will  be  no  back- 
lash on  the  flywheel. 


PRESENT  REQUIREMENTS 
OF  THE  AUTOMOBILE  USER 

By  J  Edward  Schipper* 

The  war  is  like  a  gigantic  metal  whirlpool  into  which 
•metals  are  drawn  from  all  over  the  world  to  find  their 
way  into  the  guns  and  into  the  thousands  of  other  war 
instruments  which  are  necessary  in  the  carrying  out 
of  a  modem  battle. 

Many  of  these  metals  and  much  of  the  other  materials 
used  in  the  construction  of  automobiles  are  used  at  the 
•front;  other  metals  and  materials  used  in  the  automo- 
bile are  needed  in  the  factories  making  munitions  for 
the  front;  hence  the  question  of  materials  becomes  one 
of  prime  importance  in  the  automobile  of  to-day. 

This  may  seem  like  a  matter  entirely  for  the  car  manu- 
facturer, and  yet  it  has  as  much  to  do  with  the  customer 
as  with  the  maker  of  a  car.  In  spite  of  the  fact  that 
cars  are  increasing  in  price  almost  from  month  to  month, 
the  demands  of  the  user  for  performance  are  also  in- 
increasing.  While  the  average  price  of  automobiles  has 
gone  up  several  hundred  dollars,  if  we  leave  out  of  con- 
sideration for  the  moment  the  very  lowest  priced  cars, 
the  average  price  that  the  user  wants  to  pay  has  not 
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gone  up  nearly  as  much  as  the  price,  and  therefore  we 
see  performance,  which  was  formerly  expected  only 
in  the  higher  priced  cars,  demanded  as  a  matter  of  course 
from  cars  which  at  the  present  time  do  not  cost  nearly 
as  much. 

No  one  knows  better  than  the  automobile  manufacturer 
that  the  car  buyer  wants  performance.  The  carbureter 
manufacturer  knows  that  the  public  is  demanding  an 
instrument  capable  of  throttling  to  speeds  hardly  in 
excess  of  2  m.p.h.  and  upon  application  of  the  throttle 
of  picking  up  rapidly  and  surely  to  speeds  in  excess  of 
50  m.p.h.  on  fuels  which  are  continually  going  down  in 
quality  and  volatility. 

What  does  the  average  user  demand?  He  wants  a  car 
that  does  not  cost  him  too  much,  in  the  first  place;  he 
wants  one  that  will  be  in  the  service  station  for  the  mini- 
mum amount  of  time.  It  is  a  matter  of  pride  with  every 
user  that  his  car  is  dependable,  dnd  it  is  a  matter  of 
necessity  with  most  users  that  the  car  be  able  to  per- 
form more  than  300  days  a  year  without  a  falter.  If 
we  took  an  average  of  all  the  users  in  the  country,  we 
would  probably  find  that  there  is  a  demand  for  15  miles 
to  the  gallon  of  gasoline ;  there  ^s  a  demand  for  quick 
acceleration,  good  hill  climbing,  easy  gear  shifting,  com- 
fort in  the  seats  and  springs,  accessibility  for  small  ad- 
justments and  repairs,  a  minimum  or  rather  an  absence 
of  rattle.  When  it  comes  to  tires,  anything  short  of 
8000  miles  is  always  occasion  for  a  fit  of  peevishness. 

Size  and  Acceleration  Demanded 

The  American  public  demands  the  appearance  of  great 
size  in  its  cars.  The  largest  car  selling  fo^  a  given  price 
will  sell  best  simply  owing  to  its  size.  Coupled  with 
this  demand  for  size,  the  American  public  also  demands 
acceleration.  Size  means  weight  and  weight  certainly 
operates  against  acceleration  to  such  an  extent  that  the 
torque  requirements  of  the  engine  must  be  increased 
greatly  to  give  the  pickup  desired  with  the  large  car. 

In  Europe  there  are  cars  which,  by  a  scientific  use  of 
the  wheelbase,  give  all  the  necessary  room  at  a  greatly 
reduced  weight.  These  can  supply  all  the  acceleration 
demanded  with  an  engine  of  greatly  decreased  horse- 
power. The  fact  that  the  car  weight  is  less  allows  re- 
duction of  the  engine  bearings  and  all  other  parts,  and 
at  the  same  time  factors  of  safety  are  largely  those  used 
in  average  American  practice,  giving  greater  endurance 
and  a  smaller  service  factor  than  can  be  expected  from 
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the  large,  heavy,  high-power  design  which  engineers  have 
been  forced  into  much  against  their  will. 

War  time  is  a  time  for  economy  and  efficiency;  there- 
fore, let  us  appeal  for  a  car  design  which  is  efficient  and 
economical.  It  is  exactly  what  the  public  wants,  but 
owing  to  the  education  given  them  through  unhappily 
worded  advertisements  and  by  other  means,  the  public 
believes  that  its  demands  are  met  in  proportion  with 
the  size  of  the  car.  Tire  economy  and  miles  pei*  gallon 
of  gasoline  and  other  desirable  requirements  have  been 
sacrificed  because  it  is  believed  that  acceleration  and 
comfort  in  riding  can  be  3ecured  only  with  the  car  of 
long  wheelbase.  As  a  matter  of  fact,  careful  design, 
coupled  with  compactness  in  engine  units,  will  allow 
several  inches  to  be  taken  from  the  wheelbase  of  the 
car  without  any  sacrifice  of  room,  without  great  loss 
in  riding  comfort,  and  at  the  same  time  with  a  gain 
in  materials,  a  saving  in  weight,  a  saving  in  tires,  a 
saving  in  gasolini,  a  saving  in  space  required  for  park- 
ing, and  a  saving  in  every  direction  which  can  be 
thought  of.  It  costs  less  to  build  a  shorter  car,  and 
this  money  could  either  be  taken  from  the  price  of  the 
car,  which  would  certainly  be  another  factor  in  what 
the  user  is  demanding,  or  it  could  be  used  in  refining  the 
design,  probably  with  the  result  of  even  greater  light- 
ness, better  upholstery,  better  painting,  and  better  trim- 
ming; all  tending  to  make  the  result  a  hijgrh^lass  car 
throughout. 

Trend  Toivard  Smaller  Cars 

High-priced  cars  in  this  country  have  nearly  always 
been  big  cars,  ^wing  to  the  necessity  of  catering  to  the 
taste  for  size,  and  yet  the  very  trend  of  public  demand 
shows  that  exactly  what  it  wants  can  be  met  in  a 
medium-priced  small-sized  car  which  incorporates  all  the 
beauty  of  design  to  be  found  in  the  highest  priced 
products,  and  all  the  excellent  materials  used  in  cars 
which  today  are  made  with  a  long  wheelbase. 

Engine  size  has  nothing  to  do  with  performance. 
Torque-weight  ratio  is  the  governing  factor  in  accelera- 
tion and  hill  climbing,  the  two  greatest  demands  made 
by  car  buyers  in  this  country.  The  demand  for  reserve 
torque  will  probably  persist  for  years  to  come,  and  the 
value  of  horsepower  is  something  which  has  been  greatly 
exaggerated  in  the  literature  of  engine  and  car  manu- 
facturers. The  words  "high  power"  are  fascinating  to 
the  layman,  and  he  has  been  led  to  believe  that  if  he  has 
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a  powerplant  capable  of  a  high  maximum  output  under 
his  hood,  he  has  an  engine  which  will  enable  him  to  run 
away  from  others  not  capable  of  developing  such  high 
output.  This,  of  course,  in  the  face  of  close  analysis 
is  untrue,  because  the  high  horsepower  may  not  be 
reached  until  the  number  of  revolutions  per  minute  and 
the  car  speed  become  prohibitive  under  ordinary  gear 
ratio  conditions. 

All  the.  performance  desired  in  a  five-passenger  auto- 
mobile can  be  secured  with  an  engine  having  under  200- 
cu.  in.  piston  displacement.  All  the  acceleration  and 
hill-climbing  ability  could  be  developed  in  such  a  car. 
The  ratio  of  engine  torque  to  weight  could  be  made  very 
high  at  the  speed  most  desired.  If  an  engineer  were 
told  to  get  out  a  five-passenger  car  incorporating  all  the 
performance  demanded,  together  with  an  economic  use 
of  materials  and  an  economic  maintenance  factor,  he 
would  err  in  going  much  above  the  200-cu.  in.  limit.  The 
idea  that  a  perfect-riding  car  is  one  of  great  weight 
should  be  abandoned. 

Pounds  per  Passenger  Too  High 

Weight  of  car  per  pound  of  passenger  weight  is  too 
high  in  America.  The  tendency  toward  long  wheelbase 
and  big  engines  is  responsible  for  this.  A  five-passenger 
car  should  not  weigh  more  than  3  lb.  per  lb.  of  pas- 
senger weight  if  it  is  to  be  considered  a  truly  economical 
design.  With  a  designed  load  of  750  lb.,  a  2250-lb.  car 
would  be  about  right. 

This  presents  the  picture  from  one  side.  We  all  know 
what  the  public  demands  because  we  know  exactly  what 
we  like  ourselves  in  a  car.  We  like  to  step  into  a  roomy, 
comfortable  front  compartment,  in  which  we  do  not  have 
to  squeeze  ourselves  behind  the  steering-wheel.  We  are 
always  pleased  when  our  first  glance  shows  that  the 
control  members  can  be  easily  seen  and  reached.  We 
want  the  engine  to  start  almost  on  the  first  touch  of  the 
starting  button;  we  like  the  starting  pedal  to  engage 
with  little  effort,  with  the  engine  running  smoothly  and 
quietly;  we  want  a  clutch  pedal  which  is  depressed  by 
a  very  light  touch  of  the  foot  and  which  when  engaging 
gives  a  smooth  pick-up  without  unnecessary  slipping 
and  excessive  grabbing.  In  shifting  gears,  the  clutch 
should  release  instantaneously  and  positively,  so  that 
there  is  no  drag  in  the  gears,  and  the  gear  lever  itself 
should  throw  into  mesh  with  minimum  movement  and 
minimum  reach  to  the  shifter  lever.    In  picking  up,  the 
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operator  should  be  able  to  depress  the  throttle  quickly 
without  creating  undesirable  conditions  of  knocking^ 
choking,  spitting  bac^c  or  laboring  of  the  engine.  In 
other  words,  carburetion,  gear  reduction,  and  engine 
capacity  and  torque  output  should  be  so  correlated  that 
a  smooth  accelerative  ability  results.  Here,  of  course, 
lightness  again  enters. 

Coldr-Starting  Problem 

To  the  list  of  requirements  already  given  must  be 
added  that  of  starting  rapidly  on  a  cold  morning.  This 
is  a  most  pertinent  point  at  the  present  time. 

All  the  hot-spot  intakes  and  exhaust  jacketed  car- 
bureters in  the  world  will  not  do  one  thing  toward  making 
the  car  easier  to  start.  The  carbureter  manufacturers 
have  provided  us  with  very  efficient  chokes,  yet  even  at 
the  speed  attained  by  the  average  starting  motor  on  a 
cold  morning,  these  chokes  shoot  into  the  cylinders  a 
considerable  supply  of  raw  gasoline.  Sometimes  part 
of  this  raw  liquid  is  ignited  during  the  first  three  or 
four  minutes  of  cranking,  but  often  the  motorist  helps 
by  distributing  %  pint  more  between  the  four,  six,  eight, 
or  twelve  cylinders.  This  joins  the  supply  which  the 
efficient  choke  has  put  into  the  combustion  space,  and 
ignition  starts;  only,  however,  after  a  liberal  supply  of 
the  raw  fuel  has  leaked  its  way  past  the  piston  rings 
and  gone  down  into  the  crankcase. 

If  the  car  starts  in  30  seconds  the  user  is  fairly  well 
satisfied.  He  does  not  think,  however,  of  all  the  gaso- 
line that  can  be  drawn  into  the  cylinders  and  leak  past 
the  piston  rings  in  the  lapse  of  30  seconds;  he  does  not 
consider  the  fact  that  his  lubricating  film  has  been  de- 
stroyed to  a  large  extent  by  this  gasoline;  and  he  does  not 
stop  to  consider  how  much  the  supply  of  lubricant  in 
the  crankcase  has  been  deteriorated  owing  to  dilution  of 
the  oil  by  the  heavier  constituents  of  the  gasoline. 

This  situation  is  probably  the  most  serious  one  which 
confronts  the  designer  to-day.  The  automobile  user  is 
demanding  service,  and  he  will  not  get  good  service  from 
an  engine  which  is  being  treated  in  this  manner.  The 
first  few  minutes  of  running  with  an  engine  in  this  con- 
dition do  considerable  damage.  The  problem  must  be 
met  quickly. 

In  these  days  when  high  prices  of  labor  and  material 
are  forcing  the  price  of  cars  upward,  something  must  be 
done  to  meet  the  cold-starting  situation.  A  heating  coil 
in  the  float  chamber  or  other  gasoline  chamber,  a  water- 
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heating  system  connected  with  the  radiator,  or  some 
other  method  which  is  equally  effective,  must  protect  the 
owner  from  the  consequences  of  crankcase  dilution.  The 
average  owner  knows  that  it  requires  a  pint  or  more  of 
gasoline  to  warm  up  his  engine  on  a  cold  morning.  He 
knows  that  he  is  not  burning  this  amount,  and  all  of  it 
is  not  going  out  at  the  exhaust;  the  remainder  forces 
its  way  into  the  crankcase.  Cars  fitted  to  combat  this 
trouble  will  go  a  long  way  toward  meeting  one  of  the 
biggest  demands  made  by  car  users. 

Preheating  the  Air 

The  heated  intake  has  been  studied  so  carefully  by  all 
manufacturers  that  it  is  useless  to  dwell  upon  it.  How- 
ever, there  are  a  great  many  manifolds  which  function 
on  the  side  of  too  much  heat  rather  than  too  little.  It  is 
practically  impossible  to  meet  the  extreme  ranges  of  tem- 
perature conditions — 100  deg.  or  more  in  most  of  the 
cities  in  our  territorial  belt — ^without  some  sort  of 
adjustment.  The  air  is  always  preheated  to  some  extent 
and  probably  the  means  of  adjustment  to  meet  the  out- 
side temperature  conditions  is  most  rapidly  effected  by 
varying  the  amount  of  heat  which  is  imparted  to  the 
initial  air  before  it  enters  the  carbureter.  Too  much 
heat  makes  the  engine  unsatisfactory,  due,  of  course,  to 
the  reduction  in  volumetric  efficiency,  but  the  proper 
amount  of  heat,  in  spite  of  the  expansion  of  the  intake 
gases,  will  often  result  in  an  improved  torque  curve. 

Economy  and  Appearance  Demanded 

It  is  a  noticeable  fact  that  this  year's  car  users  are 
demanding  gasoline  economy  more  than  ever,  and  there 
is  vigorous  activity  on  the  part  of  carbureter  manufac- 
turers in  supplying  this  demand. 

The  carbureter,  however,  is  not  the  only  factor  in 
economy.  Lightness  is  a  paramount  necessity.  Light- 
ness does  not  mean  alone  reduction  of  weight  by  scien- 
tific design  of  parts ;  it  is  possible  to  decrease  the  weight 
far  more  by  a  scientific  use  of  wheelbase  length.  In  this 
country  we  have  been  wasteful  of  wheelbase.  We  have 
secured  a  minimum  of  passenger  space  with  a  maxi- 
mum length  of  car.  It  has  been  possible  in  Europe, 
due  to  the  use  of  shorter  engines,  shorter  hoods,  and 
the  more  scientific  location  of  parts,  to  get  much  more 
room  on  a  given  length  of  car,  with  the  result  that  the 
car  weight  per  passenger  has  been  very  much  reduced. 
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Scientific  designing  from  one  end  to  the  other  would 
make  possible  a  great  economy  in  materials  with  very 
little  sacrifice  in  performance;  in  fact,  there  need  be  no 
sacrifice  but  an  actual  gain  in  the  way  the  car  operates. 

The  rear  axle  gears  and  in  fact  the  entire  transmission 
mechanism  should  be  quiet  and  sturdy,  the  propeller-shaft 
should  not  whip,  and  none  of  the  parts  beneath  the 
chassis  should  be  so  filled  with  grease  cups  that  the  user 
is  fortunate,  indeed,  if  he  finds  26  per  cent  of  them  on 
his  first  greasy  search. 

The  appearance  of  the  car  should  please  the  eye.  Ex- 
terior appearance  is  a  matter  of  choice,  and  as  taste 
changes  from  season  to  season,  it  is  imposible  to  lay 
down  any  rule.  Present-day  style  calls  for  long,  straight 
lines  without  sharp  breaks  from  radiator  cap  to  the  end 
of  the  tonneau.  Another  year  this  may  be  different. 
'  Nevertheless,  the  car  should  conform  to  the  dictates  of 
the  moment.  The  upholstery  should  be  good,  and  here 
it  may  be  said  that  some  of  the  latest  of  imitation 
leathers  are  rendering  excellent  service  and  are  doing 
better  in  fact  than  poorer  grades  of  genuine  leather. 

The  top  should  be  designed  to  drop  quickly  into  place 
and  the  side  curtains  should  permit  of  ready  view  all 
around  the  car.  Some  side  curtains  with  their  small 
openings  shut  off  the  view  of  the  driver,  and  are  a 
positive  menace  in  city  driving.  The  windshield  should 
be  dHp-proof  and  have  the  ventilating  feature.  The  en- 
gineer must  supply  by  scientific  design  what  the  public 
demands  in  spite  of  the  fact  that  he  is  now  under  limita- 
tions of  material  which  did  not  hinder  him  a  year  ago. 

THE  DISCUSSION 

A  Member: — ^What  has  Mr.  Schipper  found  regarding 
the  sentiment  for  permanent  tops  or  enclosed  bodies — 
are  they  increasing  or  decreasing? 

Mr.  Schipper: — I  believe  the  use  of  the  permanent 
top  is  increasing,  and  by  that  I  mean  a  top  that  is  perma- 
nent. The  winter  top,  or  the  one  that  is  put  on  in  place 
of  the  summer  top,  is  disappearing.  I  think  the  con- 
vertible car,  in  which  the  sides  but  not  the  pillars  are 
removable,  is  increasing,  and  construction  is  materially 
improving  on  that  type.  The  pillars  are  being  made 
more  rigid  and  they  are  fastened  in  place  more  sub- 
stantially. The  car  will  remain  tight  for  a  longer  time 
than  used  to  be  the  case.  The  tendency  to  rattle  was  so 
great  in  these  convertible  sedan  types  that  it  threatened 
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to  kill  the  desi^rn,  but  improvements  have  come  sAong 
fast  and  I  believe  are  on  the  increase. 

J.  A.  WiLUAMS: — I  do  not  believe  that  they  have  yet 
found  an  all-weather  car.  As  yet  there  are  no  means  of 
supporting  a  heavy,  bulky  top  with  the  satisfaction  of  a 
solid  brougham  sedan  that  was  first  brought  on  the 
market,  but  I  believe  the  ultimate  car  will  answer,  all 
those  purposes.  The  doors  will  probably  have  flappers, 
but  I  cannot  believe  that  the  ultimate  car  will  have  de- 
tachable pillars,  because  they  are  inconvenient  to  handle. 

W.  R.  Strickland:— The  feature  of  removable  pillars 
is  handled  differently  by  different  owners.  In  some  parts 
of  the  country  they  take  the  pillars  out  and  have  no 
occasion  to  put  them  in  quickly.  In  other  places  where 
the  weather  is  unsettled  the  removable  pillar  feature 
has  helped  the  salesman  to  satisfy  the  buyer.  I  believe^ 
the  permanent  pillar  is  an  improvement  from  a  body 
standpoint. 

^  A  Member: — It  has  always  been  my  idea  that  the  ulti- 
mate enclosed  car  will  have  no  pillar  on  it.  It  seems 
to  me  a  car  can  be  constructed  on  which  the  glass  in  the 
front  door  will  fold  in  and  disappear;  and  the  glass  in 
the  quarters  between  the  rear  door  and  the  front  door 
will  fold  in  with  the  rear  door,  and  the  rear  quarter 
glass  will  fold  in  and  around  and  disappear  behind  the 
seat.  I  am  trying  to  work  out  that  proposition  at  the 
present  time.  I  really  think  removable  pillars  are  very 
objectionable.  There  is  rattle  and  strain  on  all  pillars 
in  spite  of  the  precautions  we  take  In  tightening  them 
and  putting  in  bumpers.  The  one-man  top  has  not  been 
a  success,  and  the  ultimate  stationary  top  will  be  made 
with  no  pillars  but  with  glass  that  will  disappear. 

Body  Construction 

Mr.  Williams: — Speaking  of  the  ultimate  car,  the 
percentage  of  sales  is  very  small  on  enclosed  bodies. 
Hardly  10  per  cent  of  the  cars  are  driven  to-day  with 
the  top  down.  Top  materials  cannot  be  folded  up  and 
down  continually  without  cracking  and  it  is  evident  that 
tops  will  in. the  end  be  permanent. 

A  Member: — The  ultimate  car  will  not  have  a  folding 
top.  Buyers  are  going  to  demand  better  protection  from 
the  weather.  The  body  designs  have  been  changed 
from  year  to  year;  the  engineers  keep  improving  the 
chassis  and  still  we  go  on  with  the  same  old  top.  If  we 
can  design  a  neat-appearing  top  that  does  not  have  to 
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come  down,  I  think  it  will  appeal  to  the  average  car 
buyer. 

Mr.  Strickland: — In  Mr.  Schipper*8  paper  a  good 
deal  was  said  about  economy.  Folding  doors  and  vnn- 
dows  increase  the  weight  tremendously.  Most  of  the 
features  mentioned  increase  the  wheelbase.  We  are  try- 
ing to  keep  the  weight  down  and  keep  the  economy  good. 
Dealers,  I  think,  are  coming  to  the  conclusion  that  these 
heavy  cars  will  decrease  in  popularity  owing  to  their 
weight.  People  do  not  want  to  go  touring  with  such 
heavy  cars.  It  means  too  much  wear  and  tear  on.  the 
engine  and  tires  and  too  much  gasoline. 

Mr.  Williams: — That  is  an  excellent  point,  but  the 
most  obvious  economy  has  been  overlooked  and  that  is 
the  initial  cost  as  compared  with  that  of  the  present 
touring  car. 

A  Member: — Mr.  Schipper  said  that  carbureter  mak- 
ers have  endeavored  to  increase  the  velocity  in  their 
carbureters,  thereby  raising  the  volumetric  ^ciency  at 
lower  speeds,  which  is  quite  right.  From  my  experience  ^ 
one  is  not  satisfied  with  quicker  acceleration,  good 
torque  and  good  performance  of  car  at  low  speeds. 
In  addition  very  good  high-speed  performance  is  desired. 
This  problem  has  not  been  solved  yet,  and  becomes  harder 
every  day  as  the  fuel  we  are  obliged  to  use  becomes 
poorer. 

MvXti-Stage  Carbureters 

Mr.  Strickland: — Do  you  suggest  the  two,  three  and 
four-stage  carbureters? 

A  Member: — The  two,  three  or  four-stage  carbureter 
will  not  handle  the  proposition  because  the  velocity  will 
not  govern  the  volumetric  efficiency.  With  a  manifold 
in  keeping  with  the  twp-stage  carbureter,  if  it  is  of 
such  small  size  as  to  correspond  properly  with  the  first 
stage,  the  volumetric  efficiency  of  the  same  engine  in 
the  second  stage  will  be  very  low  because  the  manifold 
velocity  is  too  low.  I  have  made  some  experiments  this 
last  year,  and  have  found  that  maximum  torque  can  be 
obtained  on  an  engine  with  very  large  valves  with  the 
first  stage  carbureter,  and  maximum  horsepoWer  can  be 
obtained. 

Manifolding  will  not  take  care  of  the  gasoline  we  have 
to  struggle  with  today.  I  do  not  agree  that  a  thorough 
atomization  is  of  any  value.  If  heat  is  not  applied  to 
the  products  of  atomization  it  does  no  good  at  all  with 
the  present  gasoline.  The  opinion  of  engineers  as  to 
heat  applied  at  a  certain  spot  is  varied.     We  have  to 
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figure  a  theoretical  loss  of  volumetric  efficiency  as  soon 
as  we  apply  heat  to  the  gasoline,  but  this  small  amount 
can  be  neglected  if  we  will  figure  how  much  actual  ther- 
mal  efficiency  we  gain  by  having  to  deal  with  a  gas 
instead  of  with  a  fluid. 

Mr.  Schipper: — I  saw  lately  some  extensive  experi- 
ments carried  out  by  the  Holley  Carbureter  Go.  on  the 
Ford  tractor.  It  was  found  possible  to  vaporize  kero- 
sene, get  it  in  the  form  of  gas,  and  then  carry  that  gas 
even  with  a  drop  in  temperature,  through  several  inches 
of  the  manifolding  without  recondensation.  If  that  can 
be  done  with  kerosene  it  can  be  done  with  gasoline.  I 
believe  Mr.  Homing  once  mentioned  the  same  thing  in 
his  experience.  If  the  kerosene  is  put  in  the  vaporous 
condition  it  can  be  carried  over  the  long  distance  with- 
out condensation  taking  place,  as  verified  on  the  Ford 
tractor.  Their  first  design  had  the  shortest  possible 
intake,  because  they  believed  that  if  they  lengthened  the 
intake  they  would  get  condensation,  but  they  found  that 
the  longer  the  intake,  without  limits,  the  higher  the 
performance  on  the  block  will  be. 

Referring  to  engine  performance  and  economy,  one  of 
the  reasons  our  engines-  are  not  more  economical  is  that 
the  piston  displacement  is  too  high.  In  a  five-passenger 
car  this  should  not  go  above  200  cu.  in.,  and  it  is  my 
firm  belief  that  the  tendency  is  toward  decreasing  piston 
displacement.  On  the  Indianapolis  Speedway  a  car  of 
that  order  gave  a  performance  that  startled  the  public. 
That  was  with  a  little  Peugeot,  and  if  it  can  be  done 
in  racing  cars  it  surely  can  be  done  in  passenger  cars. 

Kerosene  as  an  Anti-Freeze 

I  want  to  mention  the  using  of  kerosene  for  an  anti- 
freeze solution.  Several  factories  are  so  using  it  with 
a  pump  cooling  system  and  when  the  system  is  kept 
full,  it  works  out  all  right.  With  a  tubular  radiator 
it  works  out  very  well,  that  is,  on  the  cars  of  the 
Ford  and  Dodge  type,  but  on  cars  with  the'thermo- 
syphon  system  and  cellular  radiator  such  as  the  Hupmo« 
bile,  the  kerosene  does  not  seem  to  work  well;  the  ex- 
planation given  is  that  the  pressure  due  to  the  thermo- 
syphon  is  too  low.  The  prices  of  alcohol  and  glycerin 
are  so  high  now  that  I  really  think  the  engineers  in  the 
industry  ought  to  inform  car  owners  immediately.  A 
good  many  have  gone  to  calcium  chloride  sold  under 
different  names  and  are  troubled  with  short-circuited 
ignition  systems. 
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A  Member: — Four  years  ago  we  had  a  Chalmers  36 
and  we  used  kerosene  all  one  winter.  That  had  a  pump 
circulation  and  we  had  very  good  success  with  it. 

Mr,  Schipper: — Testers  around  the  Chalmers  factory 
are  using  it  in  factory  cars. 

Mr.  Strickland: — I  think  the  greatest  objection  would 
be  the  odor  of  the  kerosene.  I  never  thought  of  using 
it  before,  but  in  really  cold  weather  it  would  save  con- 
siderable money. 

A  Member: — I  have  never  used  kerosene,  but  should 
imagine  that  one  of  the  chief  difficulties  would  be  in 
keeping  it  thoroughly  mixed  with  water. 

Mr.  Schipper: — Do  not  use  any  water — use  all  kero- 
sene. The  specific  heat  of  kerosene  is,  I  think,  about 
0.7  that  of  water,  so  that  the  engine  will  be  kept  run- 
ning at  a  high  temperature  with  the  same  amount  of 
radiator  service,  and  for  that  reason  the  temperature 
is  going  to  be  higher.  For  every  pound  of  kerosene 
circulated,  instead  of  carrying  off  a  similar  amount  of 
heat  from  the  cylinder  walls,  0.7  of  the  amount  that 
would  be  carried  off  by  water  is  removed. 

A  Member: — A  compound  that  is  soluble  in  the  kero- 
sene might  be  mixed  with  it,  using  enough  to  make  it 
the  same  density  as  the  water. 

A  Member: — A  friend  who  had  filled  his  radiator  with 
kerosene  said  he  had  run  his  car  up  to  40  miles  an  hour 
and  had  no  trouble  with  kerosene  except  that  it  melted 
out  the  rubber  hose.  If  it  got  very  hot  kerosene  might 
cause  trouble  with  vaporization. 

Mr.  Schipper: — ^We  can  count  on  losing  a  set  of  hose 
a  season  with  kerosene,  nevertheless  the  money  saved 
would  replace  the  hose  many  times.  It  would  not  do  to 
use  kerosene  at  temperatures  over  20  deg.  f  ahr. 
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RECENT  TREND  IN  AUTOMOBILE  DESIGN 
By  J  Edward  Schippee* 

War  demands  a  speeding  up  of  movement.  The  meth- 
ods of  the  lax  times  of  peace  do  not  suffice  for  the  quick 
results  demanded  in  war  time.  Under  the  demands  for 
the  movement  of  unprecedented  quantities  of  materials 
and  manufactured  products,  not  to  mention  the  greatly 
increased  passenger  traffic  of  a  military  and  commercial 
nature,  the  facilities  of  the  nation's  railroads  and  travel 
arteries  have  been  strained  to  the  breaking  point.  With 
the  railroads  of  the  country  taxed  to  their  utmost  limit, 
automotive  transportation  must  come  to  the  rescue. 

A  century  ago  ideas  of  distance  were  gaged  by  the 
abilities  of  the  horse.  Although  over  one  hundred  mil- 
lion acres  of  land  are  cultivated  annually  in  this  country 
to  support  the  horse,  nevertheless  the  days  of  thinking  in 
terms  of  horse  transportation  are  done.  Quick,  certain 
and,  above  all,  efficient  transportation  is  the  greatest  de- 
mand of  the  age.  Let  us  see  how  the  automotive  industry 
fits  in. 

Change  From  Peace  to  War 

We  have  been  awakened  from  our  gilded  dream  to 
find  that  our  Chinese  wall  of  self-sufficiency  has  crumbled, 
largely  because  transportaion  has  advanced  to  such  an 
extent  that  countries,  which  in  the  days  of  "no  entangling 
alliances"  were  remote,  have  become  our  neighbors.  This 
great  change  has  been  accompanied  by  a  revulsion  of 
feeling  in  this  country  which  a  few  years  ago  would  have 
been  considered  impossible. 

Our  national  fault  has  been  extravagance.  The  great 
forests  which  once  covered  the  country  with  timber 
have  been  cut  away  so  that  today  lumber  is  cheaper  in 
the  oldest  countries  of  the  world  than  it  is  here.  Our 
minerals,  the  game  from  the  fields  and  forests,  all  the 
gifts  that  nature  bestowed  on  this  country  have  been 
used  with  an  unsparing  hand,  and  naturally  along  with 
this  the  habits  of  our  people  have  been  molded  until  we 
have  become  known  as  the  most  wasteful  Nation  on  the 
globe.  It  is  but  natural  that  this  molding  of  our  nature 
should  express  itself  in  the  tools  we  use.     It  is  shown 
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quite  clearly  in  our  automobiles.  The  American  people 
have  been  buying  cars  by  size  and  weight.  Two  cars, 
each  costing  the  same,  but  one  larger  and  more  gaudy 
than  the  other,  if  placed  side  by  side  and  offered  for  sale 
would  not  compete,  as  the  larger  one  would  command 
nearly  all  the  attention  in  spite  of  the  fact  that  the  other 
might  be  a  better  piece  of  engineering  from  end  to  end. 
But  a  change  has  come.  A  great  wave  of  economy  has 
swept  over  the  country. 

Recent  Changes  in  Public  Attitude 

We  have  suddenly  awakened  to  the  fact  that  the  auto- 
mobile of  today  is  inefficient  and  uneconomical,  and*  at 
the  same  time,  the  people  have  been  aroused  by  the 
exigencies  of  war  to  the  fact  that  their  daily  ha*bits 
must  be  more  efficient  and  economical. 

The  result  is  natural.  People  now  want  the  most  for 
their  money.  When  they  buy  transportation  they  want 
the  most  transportation  for  the  money  expended  at  the 
time  of  purchase  as  well  as  afterward  in  maintenance 
and  operation. 

The  meaning  of  efficiency  is  clear  to  any  engineer.  It 
is  simply  output  in  terms  of  input.  If  a  machine  is  80 
per  cent  efficient,  its  output  is  80  per  cent  of  its  input, 
whether  measured  in  terms  of  heat,  distance,  dollars  or 
any  other  of  our  standards  of  measurement.  When  we 
say  automobiles  of  today  are  inefficient,  and  are  not  re- 
turning to  the  owners  proper  values  in  transportation  for 
the  money  expended,  we'  simply  mean  that  what  the 
owner  gets  back  in  transportation  is  not  enough  in  pro- 
portion to  what  he  puts  in. 

Take,  for  instance,  the  man  who  owns  a  car  weighing 
2^  tons,  who  drives  downtown  to  his  office,  a  distance  of 
5  miles,  and  in  the  evening  returns,  another  6  miles.  If 
a  friend  were  to  offer  to  take  him  to  his  office  and  back 
for  a  dollar  a  day  he  would  probably  laugh  at  him,  yet, 
in  all  probability,  this  i?  what  it  is  costing  him.  The 
upkeep  of  such  a  car,  even  without  including  the  high 
depreciation  of  a  car  of  this  weight,  will  easily  amount  to 
10  cents  a  mile. 

The  car  weighs  too  much  for  the  passenger  load.  The 
man  weighs  probably  150  lb.  The  car  weighs  6000  lb., 
that  is  88  lb.  for  every  pound  of  passenger  weight.  It  is 
true  that  the  car  is  heavier  than  the  average,  but  this 
example  is  taken  merely  to  illustrate  the  point.  With 
five  passengers  in  the  car  the  weight  would  be  over  6 
lb.  per  passenger,  and  even  this  is  too  much. 

Considered  from  the  transportation  efficiency  stand- 
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point,  there  are  two  sides  to  the  ledger,  one  showing 
what  we  put  in  and  the  other  what  we  take  out.  We 
put  in  money  in  terms  of  fuel,  time,  weight  of  vehicle, 
labor  (if  a  driver  is  employed),  road  or  track  mainte- 
nance and  vehicle  maintenance.  We  take  out  just  two 
things,  passenger-miles  and  comfort.  Comfort  costs  ex- 
tra on  an  automobile  as  it  does  on  a  Pullman  car.  In  a 
commercial  vehicle  we  take  out  ton-miles  alone. 

Cost  Factors  of  Operation 

Most  of  the  cost  factors  are  in  the  Control  of  the  engi- 
neer; indeed,  most  of  them  are  simply  weight  factors. 
Considered  one  by  one,  they  are: 

Fuel  Consumption — Primarily  affected  by  weight  and 
to  a  moderate  extent  in  average  practice  by  design. 

Time — Controlled  by  law  and  traffic  conditions. 

Weight  of  Vehicle — The  crucial  factor  involving  dis- 
placement and  weight  of  powerplant,  length  of  wheel- 
base,  physical  qualities  of  materials,  vehicle  characteris- 
tics and  purposes. 

Road  or  Track  Maintenance — Covered  by  state  tax  and 
in  many  states  a  function  of  weight  and  horsepower. 

Vehicle  Maintenance — Factor  of  weight,  materials,  de- 
sign, handling,  road  conditions  and  a  number  of  other 
variables. 

In  the  past  ail  of  these  items  have  been  high  and  we 
must  make  rapid  changes  to  reduce  them  if  we  wish  to 
fit  in  with  the  desires  of  the  public. 

No  Real  War-Time  Cars 

The  new  cars  at  the  shows  are  hardly  war-time  cars. 
They  have  been  under  test  out  on  the  road  for  so  long 
that  they  antedate  the  economy  wave  which  has  swept 
over  the  country.  They  serve  to  show  only  that  the 
tendency  was  in  the  direction  of  this  new  demand.  In 
a  great  many  ways  this  demand  is  not  even  known  to 
the  people  themselves.  The  attitude  of  the  people  at 
the  shows  was  to  a  large  extent  noticeable.  They  were 
searching  for  something  they  did  not  find  and  so  they 
took  the  nearest  thing  to  it,  or  nothing. 

These  people  were  looking  for  a  car  in  which  the 
weight  per  passenger  was  at  the  lowest  limit.  In  other 
words,  a  car  that  utilized  every  inch  of  wheelbase  to 
the  greatest  possible  efficiency,  that  was  not  of  a  dis- 
placement higher  than  necessary  to  carry  the  load,  that 
had  materials  which  returned  the  greatest  amount  of 
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service  because  of  their  light 'weight  and  scientific  dis- 
position. 

No  longer  v^ere  they  looking  for  the  biggest  car  that 
they  could  buy  for  a  certain  sum  of  money.  The  Ameri- 
can public  has  had  a  psychological  shock  from  which  it 
has  not  recovered.  It  behooves  the  automobile  industry 
to  design  to  suit  this  new  state  of  mind. 

At  this  time  of  the  year  when  all  the  new  cars  have 
made  their  appearance  and  the  designs  for  the  following 
season  have  been  disclosed,  we  are  naturally  interested 
in  noting  the  trend  of  development.  This  year,  for  the 
reasons  pointed  out,  the  trend  cannot  possibly  teach  us 
as  much  as  in  the  past  because  the  designs  in  which  they 
are  included  cannot  possibly  have  taken  into  consideration 
the  national  psychological  change.  Nevertheless,  since  we 
were  beginning  to  move  in  the  right  direction  it  is  im- 
portant to  study  these  developments  to  seQ  what  should  be 
accelerated  in  order  to  meet  the  new  conditions  and  new 
standards  of  conservation  and  economy. 

At  the  shows  there  were  but  five  new  chassis  incor- 
porating new  powerplants  and  redesigned  to  ^  sufficient 
extent  'to  classify  them  as  being  relatively  new.  During 
the  year  two  additional  chassis  which  can  be  classified  as 
really  new  were  also  brought  out.  This  gives  a  total  of 
seven  entirely  new  chassis  which  were  not  on  the  market 
a  year  ago.  All  of  these  have  new  powerplants  and  are 
the  latest  types  under  normal  development.  It  is  inter- 
esting to  note  that  of  the  seven,  five  are  four-cylinder  and 
five  have  overhead  valves. 

Probably  one  of  the  results  of  more  carefully  shaped 
combustion  chambers,  is  that  mean  effective  pressures 
have  been  increased,  combined  with  a  tendency  toward 
larger  valves,  more  scientific  cam  contours,  better  de- 
signed intake  ports  and  galleries,  and  superior  carbure- 
tion  owing  to  the  hot-spot  manifold  and  carbureter  mix- 
ing chambers  giving  better  velocities. 

Shorter  Wkeelbase  Probable 

If  automobile  factories  carry  out  designs  suggested  by 
the  changed  attitude  of  automobile  buyers,  the  changes 
to  be  made  during  this  season  will  be  more  radical  than 
anything  in  the  last  decade.  There  has  been  no  incentive 
for  the  engineering  department  to  make  every  inch  of 
wheelbase  return  an  inch  of  body  space  or  other  con- 
crete qualities,  as  riding  comfort.  As  a  matter  of  fact 
we  have  had  more  than  enough  wheelbase.  At  th#  pres- 
ent cost  of  materials  and  with  the  present  objection  of  the 
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public  to  carrying  around  any  more  useless  car  weight 
than  is  absolutely  necessary,  manufacturers  are  not  going 
to  be  so  wasteful  of  car  length. 

What  can  be  done  in  this  respect  is  hardly  appreciated. 
For  example,  one  company  which  brought  out  an  entirely 
new  car  this  year  shortened  the  wheelbase  7  in.,  and, 
after  rearranging  the  layout,  had  as  much  room  in  the 
tonneau  as  in  the  previous  model,  and  2  in.  more  in  the 
front  compartment.  This  was  not  done  with  the  idea 
of  cutting  wheelbase  length  to  the  limit,  but  rather  was 
more  or  less  incidental  to  a  redesign.  In  addition  to 
more  passenger  space  and  a  smaller  engine,  a  gain  of 
50  per  cent  in  economy  of  fuel,  a  large  gain  in  weight, 
and  a  better  performing  car  were  secured.  This  better 
performance  is  in  acceleration,  low-speed  torque,  and 
speed  range  on  high  gear. 

In  an  analysis  of  this  kind  it  is  only  fair  to  remember 
that  it  has  been  impossible  to  realize  many  of  the  antici- 
pations of  a  year  ago  owing  to  the  fact  that  the  minds 
of  engineers  who  would  ordinarily  be  on  development 
work,  have  been  employed  on  the  vast  task  of  designing 
and  making  ready  for  government  production  necessities. 
Scarcity  of  materials  has  likewise  retarded  development 
this  year.  Without  doubt,  aluminum  would  have  been 
employed  to  a  greater  extent  than  ever  before,  but  the 
fact  that  it  remains  scarce  and  expensive  has  prevented 
its  use  on  any  but  high-priced  products. 

Average  Engine  Design 

If  we  were  to  take  all  the  American  passenger  cars  on 
the  market  and  combine  them  into  a  general  average, 
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the  cylinder  size  would  be  3%  by  5  in.,  and  the  average 
displacement,  based  on  the  relative  percentages  of  num- 
bers of  cylinders,  v^ould  be  269  cu.  in.  From  the  stand- 
point of  engines  of  different  numbers  of  cylinders  the 
following  averages  obtain: 


Number  of 

Bore 

Cylinders 

In. 

4 

3.6 

6 

3.46 

8 

3.13 

12 

2.87 

stroke 
In. 

Piston 

Displacement 

Cu.  In. 

4.95 

221 

6.00 

282 

4.69 

282 

4.96 
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Contrary  to  what  has  been  outlined  as  the  probable 
future  in  the  development  of  passenger-car  engines,  the 
average  engine  is  larger  today  than  it  was  a  year  ago^ 
The  piston  displacement  is  now  269  cu.  in.,  as  compared 
with  222  formerly.  The  gear  ratio  has  been  altered  from 
4.16  to  4.22,  yet  the  increase  in  average  tire  size  from  81 
to  84  in.  has  prevented  a  large  increase  in  the  displace- 
ment per  mile  on  high  gear.  A  year  ago  this  averaged 
884  cu.  ft ;  it  is  now  888  cu.  ft.  Thus,  although  actual 
engine  displacement  has  increased,  car  ability,  as  mea- 
sured by  displacement  per  unit  of  distance,  has  not  in- 
creased. 

Overhead  Valves  Increase 

A  census  taken  Wore  the  shows  indicated  an  increase 
in  overhead  valve  construction  of  2.2  per  cent -with  the 
corresponding  reduction  in  L-head  engines.  The  addi- 
tions to  the  list  as  brought  out  by  new  cars  at  New  York 
and  Chicago  bring  the  increase  in  overhead  valve  engines 
to  about  8  per  cent.  This  percentage  is  rather  lower 
than  it  ought  to  be  because  the  assembled  cars  practically 
all  use  Lr-head  engines,  due  to  the  fact  that  the  largest 
builders  of  stock  powerplants  confine  their  efforts  to  the 
L-head  type.  As  each  selection  of  an  engine  represents 
what  might  be  called  an  engineering  ballot  in  favor  of 
that  type,  it  is  fair  enough  to  take  the  chassis  and  obtain 
the  average  as  given. 

The  conclusion  must  be  reached  that  an  unqualified 
indorsement  has  been  placed  by  the  industry  upon  the 
overhead  engine,  ^he  fundamental  reason  behind  this 
development  is  naturally  the  effort  to  secure  the  greatest 
possible  output  from  any  given  displacement.  High  volu- 
metric efficiency,  with  lowest  possible  losses  through  wall 
cooling,  would  naturally  tend  to  favor  constructions  in 
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which  it  is  possible  to  use  the  most  direct  entrance  into 
the  combustion  chamber  and  at  the  same  time  secure 
the  most  advantageous  combustion  chamber  shape. 

All  the  new  engines  brought  out  during  the  year  have 
detachable  cylinder  heads;  makers  who  have  not  hereto- 
fore employed  this  feature  have  now  adopted  it.  Two 
Detroit  makers,  one  manufacturing  a  high-grade  twelve, 
and  the  other  a  high-grade  eight,  have  changed  over 
to  the  detachable  head,  showing  that  its  practicability 
is  recognized  for  the  V-type  engine  as  well  as  for  the 
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vertical.  Early  difficulties  have  been  solved,  and  they 
have  been  found  to  be  due  mainly  to  two  causes:  either 
insufficient  metal  around  the  studs  or  poor  distribution  of 
water  space  around  the  head. 

Fuel  Question  and  Design 

For  three  yeai^  the  fuel  question  has  exerted  a  highly 
important  influence  on  engine  design.  This  year  there 
has  been  a  crop  of  the  so-called  hot-spot  manifolds.  There 
is  no  doubt  that  the  use  of  these  has  resulted  in  a  mate- 
rial reduction  in  the  warming-up  period.  This  is  of 
considerable  importance,  as  with  the  highly  efficient  chok- 
ing devices  employed  on  up-to-date  carbureters  a  stream 
of  raw  gasoline  is  drawn  into  the  cylinder  during  the 
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cranking  period,  and  naturally  some  of  this  leaks  past 
the  piston  rings,  with  the  result  that  considerable  crank- 
case  dilution  occurs,  destroying  the  lubricating  qualities 
of  the  oil. 

Cold^Weather  Starting 

Cold-weather  starting  is  engaging  the  attention  of 
automotive  engineers.  During  the  year  many  suggested 
means  have^been  offered  for  solving  the  difficulty.  Prob- 
ably the  most  promising  of  these  is  the  method  by  which 
a  small  electric  coil  is  employed  to  heat  a  small  quantity 
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of  gasoline,  which  is  thus  evaporated,  throwing  into  the 
cylinder  a  drier  product  which  facilitates  combustion  and 
at  the  same  time  is  more  free  from  the  evils  of  crankcase 
dilution.  In  one  of  these  primers  the  electric  coil  is 
in  the  float  bowl  of  the  carbureter,  and  in  another  a 
cylindrical  well  is  employed  of  slightly  larger  diameter 
than  the  pencil-shaped  coiL 

Single  ignition  has  been  continued,  and  has  been  im- 
proved in  detail.  The  battery,  breaker  mechanisms  and 
coil  have  all  been  improved.  One  company  has  developed 
a  battery  in  which  rubber  separators  are  used  with 
threaded  wicks,  which  carry  the  active  material  in  the 
desired  manner.  Breaker  boxes  and  coils  operate  faster 
than  ever,  this  being  necessary  to  take  care  of  the  in- 
creased  crankshaft   speeds   at   which   engines   operate. 
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PlO.    5-<-TlUEND8  IN  THB  DRIVING  GEARS  OF  ATTTOMOBILB  ACCBSSQRmS 

Manufacturers  have  difficulty  in  keeping  up  the  quality  of 
breaker  points,  owing  to  the  scarcity  of  platinum  and 
tungsten. 

Engine  Balancing 

Engine  balancing  has  been  studied  more  carefully  than 
ever,  and  counterweighted  four-cylinder  engines  are  now 
more  numerous.  Inherent  balancing,  in  which  the  rotary 
balance  of  the  shaft  is  taken  care  of  in  the  design,  is  also 
meeting  favor.  It  is  interesting  to  note  that  the  use  of 
pressure  feed  for  the  main  bearings  is  increasing.  While 
the  percentage  does  not  show  up  very  high,  owing  to 
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the  fact  that  there  have  been  some  new  models  added, 
virhich  neutralize  the  figure,  the  proportion  of  engines 
with  drilled  crankshafts  is  increasing.  In  practically  all 
cars  selling  at  prices  which  permit  drilling  the  shaft 
this  method  is  being  used. 
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Fio.  6 — ^Trends  in  Transicission  IiOCATXON 

It  vnll  be  noted  that  the  average  wheelbase  has  in- 
creased by  7  in.  It  is  safe  to  assume  that  this  will  not 
be  the  case  another  year.  The  fundamental  reasons  noted 
at  the  beginning  of  this  paper  preclude  the  possibility 
of  again  adding  weight  unless  there  is  a  very  good  reason 
for  doing  so. 

Chassis  Weight 

As  a  matter  of  fact,  the  1917  chassis  has  not  followed 
the  curve  of  weight  reduction  which  past  trends  would 
indicate.  The  abandonment  of  alloy  steel  wherever  it 
is  possible  to  get  a  reasonably  satisfactory  substitute  in 
carbon  steel  may  have  something  to  do  with  this.  An- 
other reason  for  increased  weight  is  in  the  deeper  frame 
sections  which  are  now  employed,  although  this  depth  is 
.  necessitated  by  the  longer  wheelbase.  The  increased 
depth  has  been  accompanied  by  a  tendency  toward  longer 
springs  of  the  half-elliptic  type.  The  latter  form  of 
suspension  in  combination  with  the  Hotchkiss  and  other 
drives  is  growing  in  popularity.  There  remain  only  three 
cars  which  use  full  elliptic  springs.  Three  manufacturers 
also  continue  to  use  platform  springs,  there  having  been 
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a  notable  conversion  in  this  respect  of  one  of  the  com- 
panies making  twelve-cylinder  cars.  Hotchkiss  drive  is 
used  on  53  per  cent  of  present-day  American  chassis. 

Success  of  Light  Clutches 

Clutch  adjustments  continue  to  decrease.    The  success 
of  the  light  types  now  on  the  market  has  been  proved. 


100 
90 


80 


.70 


?60 

4- 
C50 

V 

o 
U40 

9 

^30 


20 


to 


. 

V 

Bevel 

X. 

^ 

/ 

/ 

i/ 

"7 

\ 

> 

""s. 

C 

y 

^'*"*^ 

C/tain 

ziz: 

jWort 

ISSS. 

7 

p= 

1910        1911 


1912        1913 


1914        1915 
Years 


1916        1917 


1919 


Fio.   7 — ^Trbnd  of  Final  Dbivb  Design  Showing  Pofulabitt  or 
Spiral  Bevsl  Dritb 
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Securing  the  lightest  and  most  efficient  clutch  to  transmit 
a  given  torque  has  been  a  problem  studied  very  carefully 
during  the  past  few  years,  and  at  present  the  disengaging 
method  has  become  very  light  and  quick.  The  fact  that 
on  some  cars  veith  pov^erful  clutch  springs  the  clutch 
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pedal  can  be  disengaged  with  the  hand  indicates  how  the 
travel  of  the  engaging  members  has  been  shortened.  The 
use  of  fewer  disks  has  contributed  to  the  shortness  of 
travel,  and  is  one  of  the  factors  leading  toward  lighter 
clutches. 

Materials  for  Chassis  Fittings 

In  chassis  fitting  a  marked  trend  toward  the  more 
extended  use  of  forgings  for  brackets  and  axle  parts  has 
been  somewhat  checked  by  the  abnormally  high  prices 
asked  for  forgings  at  the  present  time.  The  result  has 
been  a  temporary  tendency  toward  increased  use  of  mal- 
leable-iron parts.  It  is  not  probable,  however,  that  this 
tendency  is  any  indication  of  a  permanent  condition. 
Manufactufers  have  been  forced,  in  some  instances,  to 
change  from  forgings  to  malleables,  and  in  a  few  in- 
stances from  malleable  to  steel  castings,  simply  because 
of  the  difliculty  in  obtaining  delivery  of  certain  parts. 

Further  than  this,  in  view  of  the  present  prices  of 
forgings,  malleable  iron  is  being  used  for  some  parts 
where  the  size  is  a  matter  of  convenience  rather  than  of 


Digitizeii  by  VjOOQIC 


RECENT  TREND  IN  AUTOMOBILE  DESIGN 


289 


structural  strength.  In  a  great  many  trucks  which  ordi- 
narily would  employ  f orgings,  practically  all  of  the  frame 
brackets,  spring  hangers  and  engine  brackets  are  of  mal^ 
leable  iron.  All  parts  which  are  in  tension,  and  particu- 
larly those  which  are  under  shock,  such  as  rod  ends,  are 


1910       I9tr         mz       1913       19)4        I9i5        1916       1917        1918 
Years 

Pio.  10 — ^Trkndb  in  the  Applications  op  Ignition  Systems 


made  from  forgings,  if  possible,  and  if  not,  from  steel 
castings. 

For  the  vital  parts  of  all  trucks  and  passenger  cars 
forgings  will  continue  to  be  used.  This  refers  particu- 
larly to  such  parts  as  axles,  steering  connections  and  pro- 
peller-shaft parts.  This  condition  has  put  a  check  for 
the  time  being  to  the  trend  toward  forgings  and  stamp- 
ings, but  as  soon  as  the  war  is  over  and  conditions  are 
relieved  it  is  certain  that  the  forgings  and  stampings 
will  again  come  into  their  own. 

A  prominent  engineer  in  charge  of  motor-truck  con- 
struction in  this  country  states  that  the  following  rules 
guide  him  in  selecting  cast-steel,  malleable  and  drop 
forgings  for  small  brackets,  axle  parts,  etc.: 

1  Cast  steel  is  used  for  the  more  important  structural 
parts  that  cannot  be  forged.  It  must  be  made  fairly 
heavy  to  allow  for  segregation  in  the  castings  and  blow- 
holes. It  should  really  be  used  only  for  complicated 
pieces. 

2  Drop  forgings  should  be  used  where  very  great 
strength  with  lightness  is  required. 
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8  Malleable  iron  should  be  used  for  unimportant  struc- 
tural parts,  such  as  spacers,  packing  pieces  and  the  like; 
parts  where  cast  iron  would  probably  be  strong  enough 
for  the  actual  work  to  be  done,  but  not  strong  enough 
to  bear  transportation  and  rough  handling. 


FlO.    11 — TBMStm    IN   AUTOMOBIUB   LUBRICATION 

4  In  general,  it  is  a  wise  rule  to  use  f  orgings  as  much 
as  possible,  as  after  the  first  cost  of  dies  they  are  usually 
found  to  be  cheaper  and  are  much  more  homogeneous. 

Body  Lines  Altered 

Bodies  generally  have  been  altered  only  in  exterior  line. 
The  beveled  edge  is  typical.  There  has  been  a  slight  ten- 
dency toward  improvement  of  the  front  compartment, 
a  thing  fought  for  in  some  quarters  during  the  past  three 
years.  Where  there  has  been  a  gain  of  additional  space 
this  has  usually  gone  into  the  front  compartment  rather 
than  the  rear. 

The  color  situation  is  better  now  than  it  was  a  year 
ago,  although  it  is  not  easy  to  secure  the  desired  pig- 
ments even  now.  A  number  of  brighter  colors  are  now 
in  evidence,  showing  a  tendency  toward  individuality, 
particularly  among  manufacturers  who  make  in  the 
neighborhood  of  ten  to  fifteen  cars  a  day. 
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One  of  the  tendencies  which  may  be  predicted  in  body 
design  is  that  the  cars  of  the  future,  at  least  those  of 
the  touring  variety,  will  be  of  the  two,  four  or  six- 
passenger  type.  This  is  highly  desirable  from  the  point 
of  beauty  of  outline,  as  it  results  in  a  car  without  the 
unsightly  wheel  housings.  A  two,  four  or  six-passen- 
ger body  can  be  swung  between  the  rear  wheels,  giving  a 
narrow  line. 

Body  Improvement 

There  is  still  room  for  improvement  in  door  fitting, 
even  judging  from  an  inspection  of  the  cars  on  the  floors 
of  the  show.  This  same  condition  held  true  last  year. 
Doors  will  be  tight  on  one  side  of  the  body  and  loose  on 
the  other.  The  shape  of  the  backs  of  the  seats  can  also 
be  further  improved,  as  the  bulge  of  the  back  should 
fit  the  body.  On  the  closed  cars,  and  particularly  the 
convertible  type,  a  period  of  uncertainty  seems  to  exist. 
Manufacturers  do  not  know  whether  the  majority  of 
buyers  want  a  permanent  pillar  or  a  removable  pillar 
in  the  sides  of  the  touring  sedan  models.  This  popular 
car  has  had  a  large  sale  this  season,  and  will  continue 
to  have  equal  success  next  year,  according  tcT  present  indi- 
cations. There  has  been  considerable  argument  in  favor 
of  the  permanent  pillar  in  that  it  can  be  made  lighter  * 
and  at  the  same  time  moire  substantial.  This  seems  to 
be  a  matter  for  education  on  the  part  of  the  purchaser 
as  well  as  development  by  the  manufacturer. 

Manufacturers  will  do  well  to  scatter  wisely  through- 
out the  country  a  few  special  bodies  mounted  on  their 
stock  chassis.  There  is  always  a  market  for  these  cars. 
They  serve  as  very  forceful  advertising  for  the  com- 
pany, and  can  always  be  sold  at  an  excellent  profit.  The 
dealer  welcomes  a  car  of  this  kind  for  his  showroom, 
and  it  has  been  the  experience  of  the  companies  making 
these  cars  that  there  is  always  much  competition  among 
dealers  to  secure  them. 

Author's   Summary 

Summing  up  the  entire  situation,  it  may  be  said  that 
we  have  come  to  a  new  era.  The  improvements  in  design- 
ing which  have  been  traced  up  to  the  present  time  will 
serve  as*  valuable  experience  to  meet  the  new  period  which 
the  war  has  brought  into  our  national  life  and  which  is 
influencing  our  demands  for  transport  equipment.  The 
car  which  will  carry  its  load  with  the  least  surplus  car 
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weight,  with  good  acceleration  ability,  with  no  wasted 
length  to  add  unnecessary  weight,  with  an  engine  having 
displacement  ample  but  not  too  great  for  the  load  to 
be  carried,  in  other  words,  a  vehicle  which  returns  the 
utmost  in  performance  and  comfort  for  the  expenditure, 
is  the  one  that  will  most  surely  satisfy  the  new  demands. 


Digitized  by  VjOOQIC 


INDIANAPOLIS  SECTION  PAPER 

SOME  FUNDAMENTALS  OF  ROLLING  SUPPORT 
By  F  W  GUBNEY* 

Rollers  of  one  crude  form  or  another  have  been  used 
from  time  immemcTrial  to  facilitate  movement,  but  it  is 
only  within  very  recent  years  that  the  support  of  re- 
volving parts  on  rolling  bearings  has  been  developed  to 
a  state  that  commands  the  respect  of  the  engineering 
world.  Rolling  support?  of  revolving  parts,  as  distin- 
guished from  sliding  support,  is  really  a  recent  innova- 
tion in  mechanical  engineering.  As  a  serious  engineer- 
ing proposition  its  development  is  coincident  with  that 
of  automotive  vehicles. 

The  essential  thing  accomplished  .more  or  less  perfectly 
by  ball  and  roller  bearings  is  the  support  of  moving  parts 
without  relative  movement  between  the  supporting  sur- 
faces in  contact.  In  perfect  rolling  action  there  is  no 
sliding  contact,  only  stationary  contact.  The  only  move- 
ment is  where  there  is  no  contact.  The  prime  idea  of 
the  rolling  bearing,  stationary  contact,  is  realized  through 
the  means  of  the  simplest  of  mechanical  elements,  the 
roller,  which  gives  support  to  the  moving  element  with- 
out the  occurrence  of  any  relative  movement  at  the 
points  of  support. 


Pio.   1 — Illustrating  Stationary   Contact  between  a  Point  on 
Roller  Surface  and  Raceway 

The  fact  of  stationary  contact  in  rolling  support  may 
be  graphically  shown  by  tracing  the  path  described  by 
a  point  in  the  perimeter  of  a  roller  as  it  rolls  over  a  sur- 
face. This  is  shown  in  Fig.  1.  This  point  touches  the 
surface  on  which  the  roll  is  rolling  at  the  points  a,  h,  e, 
coming  to  a  momentary  contact  and  momentary  stand- 
still at  these  points.  This  imaginary  point  in  a  roller 
describes,  when  rolling  over  a  flat  surface,  a  cycloidal 
curve.  Such  a  point  on  a  ball  or  roller  in  an  ordinary 
ball  or  roller  bearing  describes,  with  reference  to  the- 
inner  raceway,  an  epicycloidal  curve,  and  with  reference 
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to  the  outer  raceway  a  hypocycloidal  curve.  The  action  of 
the  elements  of  a  ball  or  roller  bearing  is  exactly  similar 
to  that  of  a  planetary  gear. 

The  bare  or  basic  elements  of  a  rolling  bearing  are  the 
outer  and  inner  race-rings  and  the  rolling  elements, 
which  may  be  either  balls  or  various  types  of  rollers. 
This  elemental  bearing  is  shown  by  Fig.  2. 

Practical  Shortcomings  of  the  Ideal  Bearing 

Two  things  are  required  of  a  bearing:  to  carry  the 
most  possible  load  and  to  carry  it  with  the  least  possible 
resistance.  The  ideal  bearing  to  realize  these  fundamen- 
tal requirements  would  be  made  up  of  purely  cylindrical 
elements,  an  outer  raceway  of  cylindrical  form,  an  inner 
cylindrical  raceway,  and  cylindrical  rolls  just  fitting  the 
space  between  these  two  races.  Such  elements  assem- 
bled in  absolutely  parallel  alignment  would  form  a  prac- 
tically perfect  bearing.  Such  a  bearing  would  carry  the 
maximum  of  load  with  the  .extreme  minimum  of  friction. 

The  ideal  bearing  suffers  certain  handicaps  under  the 
limitations  of  actual  conditions.  The  first  of  these  is 
that  the  rollers,  no  matter  how  nearly  perfect  they  may 
be,  get  out  of  alignment.  A  roller  out  of  alignment  with 
its  race  loses  its  proper  bearing  or  contact  with  that 
race.  Its  contact  with  the  outer  race  is  at  its  ends, 
the  straight  line  of  the  roller  being  seated  upon  a  con- 
cave line  of  the  outer  race.  Its  contact  with  the  inner 
race  is  at  its  middle,  the  straight  line  of  the  roller 
seating  on  a  convex  surface.  The  roller  thus  has  to 
endure  a  transverse  load.  It  becomes  a  beam.  With 
one  well-known  roller  bearing  this  difficulty  is  frankly 
recognized  and  met  by  making  the  rollers  flexible.  Sec- 
ond, a  roller  that  is  out  of  alignment  with  its  race,  if  not 
forcibly  prevented,  rolls  in  a  spiral  path  on  that  raceway. 
The  lead  angle  of  this  spiral  path  is  the  same  as  the 
angle  of  disalignment  of  the  roller.  The  roller  must  be 
forcibly  prevented  from  thus  rolling,  or  obviously  the 
bearing  comes  apart.  If  we  forcibly  prevent  this  worm- 
ing along  of  the  rollers  on  their  raceways  we  thereby 
force  them  to  slide  on  their  seats  by  the  exact  amount 
that  they  are  prevented  from  worming  or  spiralling 
along.  This  develops  considerable  friction  between  the 
rolls  and  the  controlling  means  or  cages,  and  very  great 
friction  between  the  rollers  and  their  raceways,  for  here 
they  are  slipping  under  their  full  working  load,  slipping 
under  a  biting  metal-to-metal  contact,  where  no  film  of 
oil  can  possibly  be  maintained 
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This  difficulty  of  the  roller  type  of  bearing  is  inherent 
and  fundamental.  It  is  met,  with  greater  or  less  success, 
by  the  use  of  "cages."  The  rollers  obviously  must  have  a 
working  clearance  with  the  cages,  and  this  clearance 
inevitably  permits  a  certain  amount  of  misalignment. 
Furthermore,  the  sliding  friction  of  the  rollers  in  their 


Fia.  2 — ^Thi  Elkmbnts  or  ▲  Rollimq  Bbarimq 

cages  causes  wear,  permitting  misalignment  to  increase. 
The  elemental  roller  bearing  fails  to  meet  common  re- 
(inirements  in  another  particular,  in  that  it  has  no  defi- 
nite axial  position,  and  does  not  offer  positive  resistance 
to  end-thrust.  This  fault  is  met  by  beads  and  grooves 
or  shoulders  or  by  changing  to  a  tapered  construction. 
The  beads,  grooves  and  shoulders  add  to  the  frictional 
handicap  and  the  tendency  toward  misalignment.  Some- 
thing of  the  kind,  however,  is  necessary  with  taper  roll- 
ers to  prevent  their  backing  out  from  under  the  load. 

Ball  Bearing  Construction 

From  these  fundamental  difficulties,  inherent  in  any 
kind  of  bearing  using  rolls,  whether  cylindrical  or  conical, 
a  possibility  of  escape  is  indicated  by  the  use  of  spherical 
rollers,  or  balls.  By  substituting  balls  for  the  cylindrical 
rollers  we  escape  the  troubles  due  to  misalignment,  but 
we  still  have  an  inoperative  bearing,  for  there  is  nothing 
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to  prevent  these  balls  from  rolling  out  at  the  sides.  The 
obvious  and  simple  remedy  for  that  difficulty  is  to  make 
grooves  for  the  balls.  The  great  difficulty  of  assembling 
confronted  the  early  simple  ball  bearing.  There  were 
three^  solutions:  the  cutting  of  gateways  into  the  race- 
ways from  the  sides,  involving  a  break  in  the  continuity 
of  the  race  wall;  the  method  of  assembly  by  eccentric 
displacement,  involving  reduction  in  the  number  of  balls; 
and  the  method  developed  by  the  author,  which  I  might 
designate  as  the  sidling-in  method,  involving  neither  of 
these  sacrifices. 

.  Probal^ly  the  first  observation  made  to  the  disparage- 
ment of  the  ball  is  that  it  has  less  load-supporting  capac- 
ity, for  obviously  a  cylinder  bearing  throughout  its  en- 
tire length  should  support  a  greater  load  than  a  ball 
with  contact  only  at  a  point. 

This  is  the  great  indictment  brought  against  the  ball 
bearing.  Advocates  of  the  roller  bearing  seem  to  regard 
it  as  unanswerable. 

In  the  use  of  a  ball  in  a  bearing,  the  only  stress  or  load 
that  can  be  put  upon  it  is  a  simple  load  exerted  radially, 
or  directly  toward  its  center.  It  cannot  be  subjected 
to  tensile,  transverse,  or  shearing  stress.  The  only  stress 
it  is  ever  called  upon  to  resist  is  pure  and  simple  com- 
pression. 

The  steel  that  is  used  in  the  ball  and  race  rings  is 
a  special  product  developed  and  used  for  just  this  par- 
ticular purpose.  It  is  an  alloy  which  has  been  found  to 
possess  in  the  highest  degree  as  yet  attainable  the  prop- 
erties of  hardness  and  toughness  desired  to  withstand 
great  pressures  and  resist  severe  shocks. 

The  process  of  ball  manufacture  has  been  developed 
to  a  point  where  the  day-by-day  output  of  balls  runs  tip 
into  the  millions,  the  balls  being  true  spheres  to  within 
a  few  hundred-thousandths  of  an  inch.  The  spherical 
form  lends  itself  to  processes,  to  expedients  in  produc- 
tion that  are  not  available  in  the  manufacture  of  any 
other  form.  This  is  due  to  its  absolute  symmetry.  It 
presents  its  surface  to  the  means  of  fabrication  with 
absolute  uniformity  in  every  possible  change  of  position. 
In  this  process  the  sphere  is  self-developed  and  self- 
maintained,  and  the  spherical  form  is  not  contingent 
upon  the  accuracy  of  the  producing  apparatus. 

When  we  couple  with  this  marvelous  precision  of  form 
a  no  less  remarkable  exactness  of  size  whereby  a  limit 
of  variation  not  exceeding  one  ten-thousandth  of  an  inch 
is  realized  in  the  several  balls  working  together  in  one 
bearing,  some  idea  is  had  of  the  high  degree  of  harmony 
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t^ith  which  the  cooperating  parts  of  the  ball  bearing 
work  together  to  realize  maximum  efficiency  and  capacity. 
It  is  practically  impossible  to  produce  rolls  of  any 
style  with  a  precision  comparable  with  that  of  the  steel 
ball  such  as  a  number  of  ball  makers  are  today  turning 
out  in  great  quantities. 

Case  of  Ball  Versus  Roller 

"Line  contact  versus  point  contact"  by  no  means  epito- 
mizes the  case  between  the  ball  and  roller  bearing.  Both 
terms  are  unfair  and  misleading,  and  neither  is  applica- 
ble without  qualification  to  the  type  which  it  is  intended 
to  characterize.  In  the  ideal  roller  bearing  we  have  line 
contact.  In  the  actual  roller  bearing  we  merely  approxi- 
mate line  contact,  more  or  less  closely.  This  approxima- 
tion to  the  ideal  alignment  and  contact  moreover  is  con- 
tingent upon  the  refinement  of  the  crudest  part  of  the 
bearing,  the  cage,  in  which  the  commercial  exigencies 
forbid  any  considerable  nicety  of  fitting. 

On  the  other  hand,  the  so-called  point  contact  in  the 
ball  bearing  is  predicated  upon  assumptions  that  are  un- 
fair and  untenable.  Point  contact  assumes  that  steel  is 
incompressible,  and  ignores  the  immensely  important 
matter  of  race  contour.  An  incompressible  sphere  rest- 
ing upon  an  incompressible  plane  surface  would  have 
contact  only  at  a  point.  These  hypothetical  elements 
referred  to  are  abstractions  having  no  existence  in  reality. 
Under  the  loads  of  ordinary  ball  bearing  service  there  is 
an  appreciable  area  or  spot  of  contact.  The  extent  of 
this  area  depends  upon  three  things:  the  hardness  of 
the  materials,  the  amount  of  load  or  pressure,  and  the 
character  or  shape  of  the  surfaces  in  contact. 

The  load  that  a  bearing  will  safely  and  successfully 
carry  depends  obviously  upon  the  character  of  the  steel, 
the  areas  of  contact,  the  character  of  the  surfaces  and 
the  nature  of  the  contact.  The  safe  working  load  also  is 
affected  by  the  speed,  and  these  various  factors  are  to  a 
greater  or  less  degree  interdependent. 

Increasing  Area  of  Contact 

There  are  two  ways  of  increasing  the  available  area 
of  contact  between  a  ball  and  its  raceway:  increasing  the 
size  of  the  ball  and  increasing  the  curvature  of  the  race- 
way. Take  the  case  of  a  disk  in  contact  with  a  straight 
line.  With  the  same  degree  of  compression  the  amount 
of  contact  between  the  circle  and  the  base  it  rests  upon 
will  be  in  direct  proportion  to  the  disk  diameter.    This 


Digitized  by  VjOOQIC 


298  THE  SOCIETY  OF  AUTOMOTIVE  ENGINEERS 

deals  with  dimensions  in  one  plane.  The  sphere  deals 
with  dimensions  in  two  planes,  and»  .under  the  same  de^ 
gree  of  compression,  the  contact  is  in  proportion  to 
dimension  times  dimension,  or  the  square  of  the  diameter. 

The  areas  of  contact  between  two  surfaces  under  the 
same  degree  of  compression  are  in  inverse  proportion  to 
the  difference  in  curvatures  of  the  surfaces.  The  curva^ 
ture  is  the  reciprocal  of  the  radius  of  a  curve.  When 
the  radius  to  a  curve  becomes  infinite  the  curvature  be- 
comes zero.  When  the  difference  of  curvature  of  two  con- 
tacting surfaces  becomes  zert)  the  curves  are  the  same; 
they  fit.  It  is  perfectly  logical  by  changing  the  raceway 
to  increase  the  capacity  of  the  ball  bearing,  by  increasing 
the  race  curve  to  approximate  more  nearly  that  of  the 
ball.  For  example:  Compare  the  case  of  a  ball  on  a  plane 
surface  with  that  of  the  same  ball  in  a  groove  with  a 
curvature  half  or  a  radius  twice  that  of  the  ball.  Fig.  8. 
In  the  second  case  the  difference  in  curvature  is  one-half 
that  of  the  first.  By  changing  from  the  straight  race 
surface  to  the  race  groove  of  one-half  the  curvature  of 
the  ball  the  contact  area  and  the  capacity  of  the  ball  are 
doubled. 

The  thing  which  limits  the  load  supporting  capacity  of 
the  steel  in  balls  and  raceways  is  the  compression  of  the 
steel  at  the  places  of  contact.  Failure  of  the  steel 
simply  means  that  at  the  place  of  failure  it  has  been 
stressed  beyond  the  safe  limit.  The  safe  limit  of  stress 
is  very  much  less  than  the  elastic  limit  of  the  steel. 


riQ.  i — Illustrating  Incbeasb  of  Contact  by  Decrkasino  Rags 

Radius 

There  is  a  limit  to  the  closeness  with  which  the  race 
curvature  may  approach  the  curve  of  the  ball.  In  large 
bearings  for  carrying  great  loads  at  slow  speeds  we  make 
the  race  contour  very  much  closer  than  in  high-speed 
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bearings.  In  one  case  the  chief  consideration  is  load 
capacity.  In  the  other,  the  consideration  of  load  is  prac- 
tically negligible,  but  the  reduction  of  friction  is  of 
supreme  importance.  In  ordinary  practice  the  race  curv- 
ature may  be  increased  to  an  extent  that  will  multiply 
the  capacity  of  the  ball  many  .times  before  we  incur 
objectionable  friction.  Take  for  instance  a  ball  in  a  race 
groove  3  per  cent  larger  than  the  ball.  Under  the  ordi- 
nary working  conditions  and  at  the  full  rated  loads  the 
ball  rolls  along  with  a  contact  arc  of  about  31  deg.  This 
arc  is  so  close  to  the  race  curve  that  it  means  an  exceed- 
ingly slight  amount  of  compression,  about  0.0003  of  the 
diameter  of  the  ball.  Now  suppose  a  shock  comes  upon 
the  bearing  and  the  load  is  doubled.  We  then  get  an  arc 
of  contact  of  about  37%  deg.  and  a  compression  of  about 
0.00045  the  diameter  of  the  ball,  still  very  small.  As 
loads  mount  lip  under  shock  it  requires  exceedingly 
slight  compression  to  increase  contact  areas  to  the  degree 
necessary  to  sustain  their  loads.  The  sides  of  the  race- 
ways are  very  close  to  the  balls,  to  lend  their  support  to 
the  balls  when  the  great  shocks  come.  They  are  available 
for  these  emergencies  before  the  steel  has  suffered  harm- 
ful compression.  The  close  race  curvature  spells  safety 
for  the  bearing. 

Close  Race  Contour 

There  is  yet  another  way  in  which  I  may  make  more 
graphic  and  impressive  the  meaning  of  the  close  race 
contour.  Let  us  go  back  to  the  fiat  raceway.  To  increase 
our  area  of  contact  let  us  decrease  the  curvature  of  the 
ball.  We  will  convert  the  spherical  roller,  for  the  pur- 
poses of  this  comparison,  into  a  barrel-shaped  roller,  pre- 
serving the  diameter  of  the  ball  (Fig.  4).  Let  us  give 
to  the  curve  of  this  barrel-shaped  roller  such  a  radius 
that  the  difference  in  curvature  between  the  roller  and 
the  fiat  raceway  will  be  the  same  as  the  difference  be- 
tween the  ball  and  a  race  curve  4  per  cent  larger.  The 
meaning  of  this  is  that  a  ball  bearing  in  which  the  balls 
roll  in  raceways  4  per  cent  larger  than  the  balls,  is,  as 
regards  load-supporting  capacity  determined  by  limits 
of  compression,  the  equivalent  of  a  roller  bearing  whose 
rolls  are  slightly  bulging  or  crowning  in  the  center,  the 
radius  of  this  swell  or  bulge  being  26  times  the 
radiusf  of  the  ball.  One  of  the  very  best  roller  bearings 
yet  developed  has  adopted  practically  this  expedient,  curv- 
ing slightly  the  cross-section  of  the  outer  raceway  instead 
of  that  of  the  roller. 

The  ball  bearing  made  with  close  race  contour  is  in 
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effect  a  roller  bearing.  In  it  are  realized  ample  areas  of 
contact  which  the  advocates  of  the  roller  bearing  have 
been  claiming  as  their  particular  possession. 

By  the  application  of  this  practice  to  ball  bearing  con- 
struction the  ball  bearing  does  not  lose  its  unquestioned 
position  as  the  preeminent  anti-friction  bearing,  but 
by  this  means  it  is  securely  established  as  the  great  ca- 
pacity bearing,  adequate  to  carry,  with  the  minimum  of 
resistance,  practically  any  loads  that  may  be  desired. 
Ball  bearings  are  being  applied  with  the  most  gratifying 
success  in  positions  where  the  severity  of  the  service 
makes  roller  bearings  out  of  the  question,  and  by  their 
use  results  are  realized  that  had  never  been  attainable 
with  plain  bearings.  On  the  other  hand,  it  has  frequently 
been  found  that  under  such  exceptional  loads  the  friction 
developed  in  roller  bearings  is  actually  greater  than  that 
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FiQ.  4 — Comparison  of  Barrel-Shaped  Roller  to  Ball  in  Close 

R\CE 

with  plain  bearings.  This  is  explained  by  the  fact  that 
with  the  roller  an  unpreventable  slippage  is  incurred, 
which,  under  the  intense  pressures  involved  with  metal- 
to-metal  contact  and  no  possible  oil  film,  results  in  the 
excessive  friction. 
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I  am  a  user  and  an  advocate  of  the  roller  bearing. 
There  are  on  the  market  roller  bearings  of  unquestionable 
quality  and  there  js  a  distinctly  legitimate  field  for  such 
bearings.  I  wish  to  offer  the  opinion,  however,  that  in 
the  great  majority  of  cases  the  requirements  may  better 
be  taken  care  of  with  ball  bearings  than  with  roller 
bearings. 

THE  DISCUSSION 

G.  W.  Smith,  Jr.  (M.  S.  A.  E.) :— The  question  of 
bearing  design  is  usually  a  compromise  and  the  best 
bearing  may  be  one  or  the  other,  depending  upon  the 
inherent  capacity.  For  instance,  it  is  a  question  whether 
or  not  roller  bearings  are  not  preferable  on  account  of 
their  smaller  outside  diameter.  In  certain  cases  the 
rear  axle  design  almost  determines  the  weight  of  the 
assembled  axle,  so  the  question  of  limiting  conditions 
often  decides  which  bearing  is  the  better. 

Mr.  Gurney: — Outside  diameter  limitations  some- 
times make  it  impossible  to  use  ball  bearings  of  adequate 
capacity.  One  point  little  recognized  heretofore  by  most 
manufacturers  is  that  by  the  application  of  close  race 
contour  those  limitations  may  usually  be  made  less  se- 
vere and  the  desired  capacity  may  be  secured  without  in- 
creasing the  diameter. 

F.  E.  MosKOVics  (M.  S.  A.  E.) : — I  would  like  to  have 
Mr.  Gurney  tell  what  he  has  found  out  regarding  relative 
end-thrust  and  radial  loads. 

Mr.  Gurney:— In  the  roller  bearing,  end-thrust  is 
taken  care  of  by  taper  construction  and  by  shoulders, 
but  not  as  eflkiently  as  by  a  ball  bearing,  with  the  proper 
inclination  of  the  axis  of  rotation  of  the  ball  and  the 
contact  angle  of  the  ball  with  its  raceway.  In  this 
way  there  is  no  diflSculty  in  taking  care  of  end-thrust, 
and  ball  bearings  operate  with  greater  efficiency  than 
roller  bearings. 

With  a  full  complement  of  balls  in  a  raceway  as  deep  as 
we  ever  use  to  carry  a  radial  load,  the  load  on  all  these 
bearings  is  practically  never  great  enough  to  bring 
contact  of  the  ball  up  to  the  edge  of  the  raceway. 

C.  S.  RiCKER  (M.  S.  A.  E.) : — That  is  about  15  deg.  on 
either  side  of  the  plane  of  the  bearings? 

Mr.  Gurney: — On  one  side  the  raceway  comes  up  more 
than  15  deg.  It  must  be  remembered  that  the  arcs  of 
contact  I  give  in  my  paper  are  very  seldom  realized. 
They  are  the  very  extremes.  The  arc  of  contact  that 
obtains  under  ordinary  practice  is  probably  not  more 
than  15  or  at  most  20  deg.    The  large  arcs  of  contact 
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are  only  instantaneous,  taking  care  of  shocks.    The  ball 
ordinarily  runs  in  a  much  narrower  path. 

C.  S.  Crawford  (M.  S.  A.  E.) :— I  would  like  Mr.  Gur- 
ney  to  compare  ball  bearings  to  taper  roller  bearings  for 
a  hub  of  the  same  size;  in  other  words,  interchangeable 
bearings. 

Mr.  Gurney: — ^Two  prominent  firms  have  conducted 
some  experiments  with  the  Gurney  "radio-thrust"  bear- 
ings and  with  a  popular  taper  roller  bearing.  The  bear- 
ings were  of  the  same  diameter,  and  either  bearing 
would  go  into  the  same  hub.  They  equipped  a  number 
of  cars  with  roller  bearings  on  one  side  and  ball  bear- 
ings on  the  other  and  ran  them  on  a  long  endurance 
test.  The  chief  engineer  of  one  of  these  firms  told 
me  that  the  average  life  of  the  ball  bearing  in  that  test 
was  75  per  cent  greater  than  that  of  the  roller  bearing. 

Bearing  Lubrication 

Mr.  Moskovics: — ^I  would  like  to  know  Mr.  Gumey's 
theory  on  lubricating  bearings. 

Mr.  Gurney:— If  ball  or  roller  bearings  could  work 
perfectly  there  would  be  no  need  of  lubricants,  but  there 
is  no  such  thing  as  perfection  in  any  of  this  work.  The 
lubricant  is  not  as  important  as  might  be  imagined.  Ball 
bearings  generally  run  cooler  dry  than  with  a  lubricant. 
We  had  a  case  of  a  ball  bearing  installation  which  ran 
six  months  without  any  lubricant  in  it,  and  nobody  knew 
the  difference.  It  has  been  running  at  3000  or  4000 
revolutions  per  minute  for  six  months  in  daily  service. 
The  bearing  was  somewhat  worn  but  not  so  much  as  to 
attract  attention.  However,  lubrication  is  an  exceed- 
ingly desirable  thing  in  a  ball  bearing. 

It  is  necessary  to  lubricate  between  the  separator  and 
the  balls.  A  film  of  oil  does  get  between  the  sliding 
edges  of  the  balls  where  the  pressure  is  less  intense. 
Where  there  is  no  slippage,  there  is  no  need  of  a  lubri- 
cant. 

LiMiTiNO  Speeds 

D.  L.  Gallup  (M.  S.  A.  E.) :— Is  there  any  condition 
of  speed  and  load  under  which  ball  bearings  cannot  be 
used? 

Mr.  Gurney: — Certainly,  but  speeds  that  are  im- 
possible with  any  other  bearings  can  be  reached  with  ball 
bearings. 

Mr.  Gallup: — The  other  day  I  came  across  an  in- 
stance of  a  manufacturer  who  changed  to  plain  bearings 
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on  account  of  running  at  high  speed.  I  wondered  if  it 
was  a  mistake  on  his  part. 

Mr.  Gurney: — The  bearings  must  have  been  improp- 
erly installed.  Brown  &  Sharpe  use  ball  bearings  run- 
ning at  40,000  r.p.m.  and  doing  good  work.  They  found 
they  could  not  attain  this  speed  on  plain  bearii\ps. 

F.  E.  MosKOVics:— What  is  a  fair  speed  for  the  balls? 

Mr.  Gurney  : — The  ball  speed  in  the  bearings  is  about 
4200  r.p.m.  The  balls  in  the  bearings  are  ^  in.  di- 
ameter.   The  bearing  ran  cold. 

Mr.  Smith: — It  has  always  been  my  contention 
that  we  can  make  a  cheap  roller  bearing  and  get  away 
with  it  fairly  well,  but  thiCt  we  cannot  make  a  ch'eap  bidl 
bearing  and  operate. 

Mr.  Gurney: — Practically  Mr.  Smith  is  right.  There 
are  some  cheap  cup  and  cone  bearings  which  have  a 
real  field,  but  the  modem  annfilar  ball  bearing  must  be 
made  well,  whereas  a  roller  bearing  can  be  made  cheaply. 
In  fact,  that  is  one  of  the  principal  arguments  for  the 
roller  bearing. 

Graphite  Lubrication 

H.  G.  McCOMB  (M.  S.  A.  E.) : — Manufacturers  frown 
upon  graphite  grease.  I  would  like  to  hear  an  opinion 
on  it. 

Mr.  Gurney  : — We  have  not  experimented  a  great  deal 
with  the  use  of  graphite  grease  in  ball  bearings.  The 
Acheson  people  claim  that  it  is  a  success.  As  to  the 
validity  of  that  claim  I  cannot  say.  It  is  important  to 
use  a  lubricant  that  is  free  from  any  element  that 
will  corrode  the  surface.  One  point  which  too  few 
people  appreciate  is  the  great  importance  of  keeping 
bearings  clean.  There  is  nothing  quite  as  destructive 
as  dirt,  and  this  does  not  necessarily  come  from  the 
outside.  There  is  apt  to  be  considerable  abrasion  under 
the  bearing,  a  wearing  off  of  the  metal  in  very  minute 
particles,  if  there  is  any  vibration  of  the  bearings  upon 
the  seat.  These  particles  very  soon  become  oxidized,  and 
oxide  of  iron  in  the  lubricant  is  the  result.  It  is  a  beau- 
tiful abrasive,  but  a  very  poor  lubricant.  When  the  oil 
becomes  red,  it  should  be  removed  at  the  first  possible 
moment.  Sometimes  the  wear  from  the  gears  produces 
oxide  of  iron,  which  very  rapidly  destroys  the  bearings. 
Bearings  are  credited  with  many  faults  that  are  not 
theirs.  Too  much  lubricant  should  be  avoided  in  high- 
speed bearings.    In  the  case  of  very  high-speed  bearings. 


Digitized  by  VjOOQIC 


804  THK  80CIBTY  OF  AUTOMOTIVB  INGINIlte 

the  lubricant  has  to  be  a  very  light  oil,  and  there  should 
be  very  little  of  it. 

Mb.  SMrm: — I  would  like  to  get  Mr.  Gumey's  views 
regarding  the  commercial  efficiency  of  sub-oiling  bear- 
ings for  live  shaft  requirements. 

Mb.  Gubney: — Sub-oiling  adds  greatly  to  length  of 
life  if  it' ensures  the  shaft  running  on  a  film  of  oil  with 
no  metal-to-metal  contact.  It  takes  slightly  more  power 
to  run  it  than  with  a  good  ball  bearing,  but  not  much 
more  than  with  an  ordinary  roller  bearing.  The  great 
gain  in  the  use  of  ball  bearings  in  cases  of  that  kind  is 
not  so  much  in  saving  of  power  as  in  saving  trouble. 

Periodically,  without  fail,  wtf  must  go  over  ordinary 
boxes  to  see  that  they  are  kept  supplied  with  lubricant. 
That  is  not  necessary  in  the  case  of  ball  bearings,  which 
can  be  oiled  every  six  months  or  once  a  year  or  even  not 
that  often,  and  still  cause  no  trouble.  A  well-designed 
ball-bearing  hanger  will^contain  lubricant  enough  for 
over  a  year,  which  is  a  great  convenience. 


FLEXIBLE  FABRIC  UNIVERSAL-JOINTS 
By  C  A  Sghbll* 

The  development  of  a  new  product  in  any  industry 
is  generally  a  gradual  evolution  from  the  crude  to  the 
highly  refined,  rather  than  an  abrupt  change  from  one 
fixed  or  proved  construction  to  another.  This  has  been 
so  in  the  refinement  of  the  flexible  type  of  universal- 
joint  and  in  its  introduction  to  gasoline  engine  manu- 
facturers, but  considering  that  it  has  been  in  practical 
use  in  America  for  only  about  four  years  the  pro- 
mulgators of  this  construction  have  every  reason  to  feel 
hopeful.  At  the  present  time  there  are  over  thirty-five 
truck  and  passenger  car  manufacturers  who  are  using 
this  joint  as  standard  equipment,  sixteen  of  whom  use 
it  on  the  propeller-shaft.  All  of  these  installations  are 
giving  good  service,  and  their  users  are  enthusiastic 
about  them.  Recent  converts  to  this  type  of  construction 
are  the  Studebaker  Corporation,  which  uses  it  on  all  their 
models,  and  the  Government,  on  the  Class  AA  military 
truck,  both  placing  it  between  engine  and  transmission 
case.  The  Reo  Company,  which  has  used  this  type  of  coup- 
ling between  engine  and  transmission  case  successfully 

•Chief  Enfflneer,  Thermold  Rubber  ComiMtny 
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for  over  four  years,  has  finally  adopted  it  on  the  axle  end 
of  the  propeller-shaft.  The  forward  installation  was  so 
successful,  and  was  found  to  have  so  many  advantages 
over  the  metal  type  of  joint  that  it  was  finally  adopted 
in  the  rear.  The  rear  propeller-shaft  joint  generally 
gives  the  most  trouble,  being  exposed  to  much  dust  and 
mud,  and  difficult  to  lubricate. 


Showing  Method  of  Building  up  a  Six-Ply  Disk 

Some  of  the  engineers  who  first  experimented  obtained 
discouraging  results,  in  most  cases  owing  to  lack  of 
knowledge  of  the  fabrics  and  friction  material  required 
in  the  construction  of  the  disks,  and  very  often  to  lack 
of  care  and  thought  in  the  design  of  the  metal  parts. 
Some  of  the  pioneer  manufacturers  of  the  disks  are  now 
building  them  very  efifeiently,  and  the  design  of  metal 
parts  is  being  gradually  improved.  In  some  of  the  first 
tests  conducted  it  was  soon  learned  that  disks  made  of 
any  ordinary  grade  of  cotton  and  cheap  friction  material 
would  not  sufike.  This  type  hardened  very  quickly  under 
severe  conditions,  and  failed  just  as  a  tire  made  very 
cheaply  fails.  Very  good  fabric  must  be  used,  and  must 
be  placed  or  woven  correctly,  the  best  grade  of  friction 
material  employed,  and  the  cure  must  be  accurate  in 
order  to  obtain  a  strong,  elastic,  and  long-lived  disk. 

In  building  our  first  disks  we  tried  several  methods 
of  weaving  and  of  placing  the  plies  of  fabric  relatively  so 
as  to  obtain  maximum  results.  We  secured  very  good 
results  from  disks  woven  in  six  directions  or  sectors. 
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the  cotton  strands  running  completely  around  the  disk, 
and  equally  good  results  from  disks  made  up  by  the 
Hardy  method.  The  first  method  proved  very  expensive, 
and  meant  the  installation  of  intricate  machinery.  We 
also  tried  building  up  the  disks  by  the  straight  method, 
or  by  laying  one  ply  upon  the  next,  with  no  attentfon  to 
the  direction  of  the  weave,  but  the  results  were,  very  dis- 
couraging. With  this  method  we  got  uneven  strength 
and  stretching  in  the  different  sectors,  even  though  in 
static  tests  they  were  as  Strong  as  the  Hardy  type. 
When  on  the  road,  tne  sector  which  happened  to  be  in 
such  relation  to  a  set  of  bolt  holes  as  to  take  the  greatest 
part  of  the  load  failed  very  quickly.*  This  is  true  because 
cotton  is  stronger  when  pulled  in  certain  directions  and 
stretches  most  when  pulled  on  the  bias;  naturally  with 
a  three-arm  type  of  spider  the  diiSk  will  hot  offer  uniform 
resistance  to  the  torque  and  an  overload  will  always  be 
thrown  on  one  sector. 

Construction  of  Hardy  Disk 

We  finally  adopted  the  Hardy  disk,  which  is  made  by 
twisting  the  plies  in  consecutive  fashion  so  that  the 
disk  is  uniform  in  strength  and  stretch  from  any  one 
portion  to  another,  and  when  made  of  a  good  fabric  has 
a  tensile  strength  of  3000  lb.  per  sq.  in.  The  Hardy 
disk  had  been  used  in  England  for  several  years  prior 
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to  our  experience  with  it,  and  is  being  used  on  several 
of  the  chassis  over  there  at  the  present  time.  Of  course, 
disks  of  other  constructions  can  and  are  being  used,  but 
in  starting  out  v^e  aimed  to  get  the  greatest  strength 
and  longevity  that  could  be  obtained  in  a  given  space. 

We  also  aimed  to  get  considerable  elasticity  in  order 
to  benefit  all  the  chassis  parts  as  much  as  possible,  as 
the  cushioning  effect  of  elastic  disks  adds  greatly  to  the 
life  of  the  shafting,  bearings,  gears,  transmission,  clutch 
and  even  the  engine. 

After  experimenting  considerably  with  disks  we  went 
thoroughly  into  the  metal  parts  of  the  joint  and  are 
conducting  interesting  tests  at  the  present  time.  In 
testing  some  of  the  first  assemblies  that  had  given  any 
trouble,  we  found  that  it  was^often  due  to  the  lack  of 
care  in  designing  the  metal  parts,  and  we  have  seen  ex- 
cellent disks  fail  owing  solely  to  the  use  of  poor  friction 
washers.  Most  of  the  first  washers  were  made  too  thin 
and  allowed  the  fabric  to  pull  out  under  the  surface, 
throwing  the  load  on  the  bolt  holes  until  failure  took 
place.  The  washers  should  be  made  thick  enough  to 
resist  cupping  and  should  be  fluted  or  knurled  like  a 
clutch-pedal  in  order  to  grip  the  fabric  snugly  and  drive 
by  friction.  It  is  also  good  practice  to  groove  or  knurl 
the  driving  side  of  the  spider  bosses. 

It  must  be  remembered' that  the  disks  are  compara- 
tively soft,  and  that  the  volume  or  section  held  tightly 
under  the  washer  face  is  depended  upon  to  do  the  work; 
a  disk  made  of  the  most  expensive  materials  will  fail 
unless  effkient  washers  are  used. 

Life  of  Flexible  Fabric  Joints 

We  have  installations  on  the  road  which  have  run  over 
60,000  miles  over  a  period  of  four  years,  and  look  good 
for  some  time  to  come.  These  consist  of  well-made  disks 
of  good  fabric  and  well-designed  metal  parts,  and  we  are 
satisfied  that  a  well-balanced  assembly  will  last  as  long 
as  most  present-day  chassis.  Even  should  it  become 
necessary  to  install  a  new  set  of  disks  once  during  the 
life  of  the  vehicle,  the  benefit  derived  by  the  rest  of  the 
chassis  in  the  meantime  is  worth  many  times  this  expen- 
diture. I  believe  the  saving  created  by  the  use  of  a 
flexible  coupling  in  the  transmission  line  is  not  fully 
appreciated. 

At  the  present  time  we  are  engaged  in  some  laboratory 
work  which  will  be  of  interest  to  the  engineer.  We  have 
two  well-known  chassis,  and  Tfith  the  use  of  special  ap- 
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paratus  will  attempt  to  show  the  failure  points  of  certain 
parts  under  severe  shock  with  and  without  the  installa- 
tion of  flexible  disks  in  the  transmission  line.  This  is 
a  difScult  task  and  will  require  time  to  be  put  in  conclu- 
sive form,  but  from  present  observation  we  are  sure  the 
results  will  be  almost  astounding.  The  greatest  benefit 
is  obtained  on  trucks  with  solid  tires,  when  chains  are 
employed.  It  is  not  uncommon  to  see  a  truck  with  two 
or  three  pieces  of  chain  wrapped  around  the  rear  wheel 
started  with  an  unmerciful  jerk  by  a  rough  driver,  and 
in  such  cases  a  small  shock  absorber  somewhere  in  the 
drive  is  an  advantage.  In  a  case  like  this  a  good  disk- 
joint  will  allow  about  5  deg.  wind,  which  means  a  con- 
siderable time  element;  the  cushioning  effect  of  the 
Hotchkiss  drive  is  small  in  comparison,  especially  on 
trucks  with  huge  rear  springs. 

Uee  with  Hotchkiaa  Drive 

One  of  the  strongest  arguments  for  the  use  of  the 
Hotchkiss  drive  is  the  flexibility  of  transmission;  there- 
fore,  with  the  installation  of  the  flexible  coupling  in 
addition  a  still  greater  cushioning  effect  is  obtained; 
of  course,  this  cushioning  can  be  obtained  even  on  fixed 
axles  with  the  coupling,  and,  as  stated  above,  to  a  much 
greater  extent  than  with  the  Hotchkiss  drive  itself. 

After  experimenting  and  going  thoroughly  into  the 
proposition,  both  in  the  laboratory  and  on  the  road,  the 
Studebaker  Corporation  has  adopted  the  flexible  disk  as 
a  clutch-to-transmission  coupling  on  all  of  its  new 
chassis.  The  engine  in  the  large  Studebaker  chassis 
develops  a  torque  of  about  2400  Ib.-in.,  and  in  this  case 
a  single  disk  7^  by  ^%2  in.,  consisting  of  10  plies  of 
fabric,  is  used.  By  actual  test  this  disk  will  fail  at 
a  torque  between  12,000  and  13,000  Ib.-in.,  pulling 
through  1%-in.  washers.  This  complete  assembly,  com- 
pared with  a  metal  type  for  the  .same  place,  is  lighter, 
requires  no  attention,  eliminates  backlash  and  noise  and 
adds  greaily  to  the  life  and  safety  factor  of  all  metal 
parts.  In  the  Studebaker  disks  the  bolt  holes  are  on  a 
5%-in.  radius  with  1%-in.  washers.  With  the  use  of  a 
four-arm  spider,  this  gives  an  effective  driving  section  of 
2%  sq.  in.  of  fabric,  having  a  tensile  strength  of  8000  lb. 
per  sq.  in.  Therefore  the  disk  will  carry  a  6750-lb.  load 
at  the  bolt-circle  radius.  The  torque  at  this  distance 
from  the  center  equals  850  lb.,  consequently  this  assembly 
has  a  very  high  factor  of  bafety. 
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Class  AA  Military  Trucks 

Two  of  the  engineers  on  the  committee  designing  the 
Class  AA  military  truck  have  had  previous  experience 
with  flexible  joints,  and,  seeing  them  successfully  used, 
have  laid  out  a  well-balanced  assembly.  Two  disks  per 
joint  are  used,  of  6^/2  by  ^a'ir\.  material  with  a  1.%-in. 


Four-Arm  Type   of   Coitplinc;   for   Use  bktween    Knoine  and 
Transmission 


fluted  washer,  with  three-arm  spiders.  The  engine  de- 
velops 1800  Ib.-in.  torque;  hence  this  will  prove  a  very 
successful  unit,  with  an  ample  factor  of  safety.  For 
engine-to-transmission-case  couplings,  many  designers  are 
now  using  the  four-arm  spider  similar  to  the  Studebaker, 
taking  advantage  of  the  fourth  arm  for  extra  strength, 
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Type  of  Fi.kxibi.k  Fabric  Univkpsal- Joint  Used  on  Class  A  A 
Military  Trucks 


thereby  saving  fabric  and  making  a  slightly  cheaper 
assembly.  This  construction  decreases  the  flexibility 
slightly,  but  not  much  is  required  as  only  chassis  varia- 
tion and  weaving  are  to  be  taken  care  of  at  this  point. 
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Use  Between  Engine  and  Transmission 

For  installation  between  engine  and  transmission  the 
flexible  coupling  eliminates  all  bearings  and  splines, 
thereby  avoiding  the  possibility  of  noise  and  doing  away 
with  the  inconvenience  of  greasing.  In  addition  it  re- 
duces severe  shocks,  makes  easier  the  shifting  of  gears 
and  owing  to  the  above  qualities  adds  greatly  to  the  life 
and  safety  factor  of  all  metal  parts. 

Propeller-Shaft  Joints 

In  laying  out  propeller-shaft  joipts  many  factors  be- 
sides torsional  load  are  to  be  considered,  the  angle  and 
amount  of  lateral  movement  being  the  most  important. 
On  account  of  these  conditions  the  three-arm  type  is  the 
most  practical  and  is  the  only  one  no^  used.  The  diame- 
ter and  thickness  of  the  disks  are  partly  dependent  on 
the  lateral  movement  and  angularity,  and  should  have 
capacity  enough  to  take  care  of  the  increased  torque 
while  in  low  gear.  The  average  light  six  now  in  vogue 
in  this  country  requires  a  three-disk  coupling  from  7  to 
8  in.  diameter,  either  %  or  %o  in.  thick. 

An  installation  of  this  size  takes  care  of  the  average 
angularity  and  requires  no  spline  for  lateral  movement. 
As  the  trend  of  design  is  toward  flat  springs  and  straight 
propeller-shafts,  it  will  be  possible  to  equip  more  cars 
each  year,  as  this  element  cuts  down  the  work  of  the 
disks  to  a  minimum,  making  conditions  ideal  for  this 
type. 

Contrary  to  general  opinion,  the  thrust  required  to 
stretch  the  disks  to  take  care  of  lateral  axle  movement  is 
very  slight.  The  variation  is  taken  up  in  two  sets  of 
disks,  and  if  a  total  of  %  in.  is  required,  then  each 
coupling  must  move  only  "He  in.  either  way;  this  re- 
quires less  than  40  lb.  total  pressure  on  the  average 
passenger  car.-  The  load  imposed  on  adjacent  bearings 
due  to  tipping  is  also  very  slight  but  is  dependent  on  the 
angle.  We  have  several  rear  assemblies  now  running  over 
40,000  miles  which  have  an  average  shaft  angle  of  6 
deg.,  with  a  maximum  of  10  deg.,  but  in  going  higher 
than  this  the  outside  diameter  should  be  very  closely 
watched. 

Many  of  the  first  engineers  to  try  out  propeller-shaft 
couplings  had  considerable  trouble  with  vibration.  This 
was  very  often  due  to  poor  machine  work  or  a  bad  combi- 
nation of  disks.  Several  light  cars,  both  fours  and  sixes, 
with  fairly  high-speed  engines,  are  now  using  the  rear 
installations,  and  when  the  assembly  is  properly  ma- 
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chined  experience  no  trouble  of  this  kind.  The  vibration 
led  to  the  installation  of  centering  devices,  and  some  of 
these  were  not  very  successful.  When  extremely  high 
speeds  along  with  large  angles  are  encountered,  a  good 
centering  device  will  help  to  cut  down  the  small  amount 
of  vibration  which  may  develop ;  however,  on  the  average 
light  six  of  the  present  period  we  have  not  encountered 
any  serious  trouble  of  this  sort,  and  one  very  popular 
light  four  equipped  with  a  high-speed  engine  shows  none 
whatsoever  at  50  iiLp.h.  One  of  the  large  truck  makers 
using  this  construction  puts  a  pressed-steel  disk  over  the 
fixed  spider  fitting  closely  around  the  disk  thereby  caus- 
ing the  disks  or  floating  spiders  to  rotate  truly  within  the 
shell.  The  centering  device,  we  believe,  can  be  used  to 
advantage  under  extreme  conditions,  but  on  the  average 
car  is  unnecessary.  Of  course,  y^hen  a  large  angle  and 
extremely  high  speed  are  combined  the  shaft  will  rotate 


Steel  Drum  ubed  as  a  Centerinq  Device 

elliptically — ^to  a  greater  extent  than  when  conditions 
are  more  moderate.  Today  several  light  sixes  are  being 
equipped  with  three-disk  joints  which  we  consider  aver- 
age as  regards  speed  and  angularity  of  drive.  An 
average  shaft  angle  is  5  deg.  with  4V2 :  1  axle  reduction 
and  a  total  lateral  axle  movement  of  %  in.  None  of 
these  installations  have  a  centering  device  or  a  spline, 
but  they  are  giving  good  results.  For  slower  speeds 
larger  angles  can  be  used.  If  the  hole  in  the  center  of 
the  disk  is  not  too  large  the  disk  will  be  very  strong  in 
a  direction  outwardly  from  the  center,  and  still  be  flexible 
laterally.  Naturally  the  floating  spiders  will  be  kept 
running  in  a  very  small  ellipse,  thereby  keeping  the 
assembly  from  whipping.  We  do  not  wish  to  convey 
the  idea  that  the  flexible  joint  can  be  mounted  on  any 
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and  every  chassis,  as  such  is  not  the  case.  'We  have 
them  on  the  final  drives  of  four-ton  worm-driven  trucks, 
and  on  fairly  high-speed  light  touring  cars.  When  the 
conditions  are  rights  the  angle  not  too  great,  or  the  speed 
not  too  high  combined  with  a  large  angle,  the  results  are 
excellent,  saving  the  designer  much  worry  about  noise 
and  lubrication  troubles. 

We  have  found,  it  unnecessary  to  pay  p&rticular  atten- 
tion to  the  position  of  pinion-shaft  in  relation  to  trans- 
mission main-shaft.  Due  to  the  stretching  of  the  fabric, 
practically  no  variation  in  the  speed  of  the  pinion-shaft 
occun  on  the  average  installation. 

We  have  a  Hotchkiss-drive  chassis  at  our  factory 
which  contains  a  very  good  low-speed  engine,  and  has  a 
propeller-shaft  mounted  at  about  8  deg.  with  the  car  light. 
With  the  metal  joint  installed,  the  pinion  and  transmission 
shafts  must  l)e  lined  up  very  carefully  in  order  to  get 
smooth  low-speed  performance  and  eliminate  a  slight 
jerking  of  the  car.  With  the  use  of  the  flexible  joints, 
we  have  placed  these  shafts  in  every  conceivable  relation 
to  each  other  and  still  get  smooth  action. 

A  complete  shaft  assembly  with  well-designed  metal 
parts  weighs  about  80  per  cent  as  much  as  a  metal  joint 
of  similar  capacity.  It  requires  no  attention,  cuts  out 
backlash,  adds  to  the  safety  factor  of  the  other  chassis 
parts  and  acts  as  a  sound  insulator  between  axle  and 
frame.  We  feel  that  our  confidence  in  this  type  of  con- 
struction has  been  justified  by  the  success  its  adherents 
are  having  with  it.  We  predict  it  will  be  almost  univer- 
sally used  between  engine  and  transmission  case  within 
the  next  few  years,  and  that  for  propeller-shaft  installa- 
tion it  will  give  the  metal  type  a  very  stiff  argument  for 
predominance. 

•  THE   DISCUSSION 

H.  G.  McCoMB  (M.  S.  A.  E.)  :— About  how  long  ago 
were  these  first  used?  Were  they  brought  out  first  in 
England  and  who  used  them  first? 

Mr.  Schell: — I  believe  they  were  first  used  on  the 
Isotta-Fraschini  in  1911  and  were  used  in  England  soon 
after. 

Mr.  McComb  : — Does  the  Fifth  Avenue  Coach  Company 
use  them? 

Mr.  Schell: — No,  it  does  not. 

Max  H.  Thoms  (M.  S.  A.  E.) :— When  several  disks 
make  up  a  joint,  is  a  fluted  washer  used  between  ad- 
joining disks? 
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Mr.  Schell: — A  fluted  or  knurled  washer  is  used  be- 
tween each  disk.  ' 

Effect  of  Oil  and  Heat 

Mr.  Thoms: — What  effect  do  oil  and  heat  have  on 
these  joints? 

Mr.  Scheldt— An  excess  of  oil  will  eventually  destroy 
cotton  or  rubber  but  on  the  average  ch&ssis  the  disks  do 
not  come  in  contact  with  enough  to  harm  them.  Under 
very  extreme  heat  they  will  become  brittle  and  eventually 
crack.  « 

Lieutenant  Meyers: — In  the  trucks  used  for  road 
work  by  the  Barrett  Company,  the  universal  is  so  situated 
that  it  is  exposed  to  the  tar,  which  is,  of  course,  a  much 
more  solvent  agent  than  oil.  The  universals  have  been 
tested  out  carefully — I  think  forty-eight  w^re  tested  in  a 
bath  of  tar  around  400  deg. — and  there  was  no  effect, 
practically,  in  disintegration  of  the  fabric;  but  one  of 
those  universals  was  mounted  over  the  muffler,  and  that, 
in  the  course  of  two  or  three  months,  showed  some  disin- 
tegration, owing  to  the  heat.  That  was  the  only  trouble 
experienced. 

Material  Used 

• 

Mr.  Thoms: — Is  the  material  •used  like  brake  lining 
— that  is,  interwoven  with  fine-meshed  brass  wire? 

Mr.  Schell: — The  material  used  in  the  construction  of 
the  disks  is  made  of  selected  cotton  duck  and  high-grade 
rubber.  The  duck  is  made  of  three  grades  of  cotton,  Sea 
Island,  Egyptian,  and  the  best  grade  of  American,  called 
combed  peeler.    Of  the  three  the  Sea  Island  is  superior. 

Mr.  McComb: — Has  that  movement  of  about  5  deg. 
Feally  an  important  effect  on  the  operation  of  tMe  car? 
Some  years  ago  there  was  brought  out  a  flexible  shaft 
composed  of  a  number  of  bars  that  were  actually  rota- 
tionally  flexible.  It  seems  to  me  that  if  there  had  been 
much  in  that  principle,  it  would  have  been  developed. 
There  is  only  about  V!2  of  a  turn,  so  far  as  rotation  is 
concerned,  due  to  6  deg.  action  of  this  joint. 

Mr.  Schell: — The  variation  in  speed  depends  upon  the 
angle  of  the  propeller-shaft.  On  a  chassis  at  our  factory 
which  has  a  shaft  mounted  at  8  deg.  we  get  a  noticeable 
variation  at  very  low  speeds  when  using  metal  joints 
which  are  improperly  mounted.  Because  of  the  stretch- 
ing of  the  fabric  in  the  disks,  this  does  not  occur  when 
flexible  joints  are  installed. 
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■     9 

Mk.  McComb  : — Is  the  jerking  effect  noticed  only  at  low 
speeds? 

Mr.  Schell: — The  variation  in  propeller-shaft  speed  is 
naturally  there  at  all  car  speeds  but  is  noticeable  only 
when  running  very  slowly.  Most  of  the  metal  joint  manu-^ 
facturers  recommend  the  mounting  of  their  joints  in  cer- 
tain relations  to  one  another  in  order  to  overcome  this 
speed  variation. 

Maximum  Life 

E.  B.  Reeser  (A.  S.  A.  E.)  : — Have  thede  joints  been  in 
use«long  enough  to  determine  the  maximum  life,  ita  mile- 
age? 

Mr.  Schell: — The  Reo  Company  has  been  using  a 
forward  installation  for  about  3Vi  years  and  I 'know  of 
some  of  these  cars  that  have  run  over  60,000  miles  in  this 
period.  Several  motor  trucks  have  used  the  rear  instal- 
lation for  3  years  over  a  distance  of  about  40,000  miles. 

C.  S.  MoTT  (A.  S.  A.  E.):— Can  the  weight  of  the 
driving  shaft  be  decreased  by  the  use  of  joints?  *^ 

Mr.  Schell  : — A  weU-designed  flexible  joint  will  weigh 
considerably  less  than  a  metal  joint  of  similar  capacity. 

Mr.  Mott  : — ^We  had  considerable  trouble  because  both 
joints  were  operative  at  all  times.  There  was  excessive 
spring  action  and  I  believe  the  slippage  on  the  spline  was 
from  %  to  %  inch.  Has  anyone  had  experience  run- 
ning with  a  gear  ratio  of  say  5  to  1  at  fairly  high  speeds? 

Mr.  Schell: — We  have  installations  on  light  sixes 
that  have  gear  reductions  of  4%  to  1,  the  engines  turning 
over  at  2500  r.p.m.,  and  they  are  very  successful. 

Mr.  Mott: — It  has  not  been  tried  out  on  anything 
much  heavier,  then,  at  high  speed;  for  instance,  on  an 
eight-cylinder,  with  fairly  good  torque,  from  1^  up  to 
60  miles,  with  drive  shaft  56  in.  long? 

Mr.  Schell: — One  western  company  is  using  the  in- 
stallation on  a  twelve-cylinder  model  that  weighs  about 
3500  lb.  The  engine  is  of  fairly  high  speed  and  develops 
about  60  hp.  The  rear  axle  ratio  is  close  to  5  to  1.  The 
drive-shaft  is  about  59  in.  over-all. 

Mr.  Mott: — On  this  particular  job,  the  springs  have 
considerable  bow.  Is  a  spline  slip  advocated  with  a 
Hotchkiss  drive? 

Mr.  Schell: — If  the  lateral  movement  is  not  over  yg 
in.,  I  would  not  use  a  spline.  The  diameter  of  the  disks 
will  be  in  proportion  to  the  amount  of  power  transmitted. 
What  was  the  torque  capacity  of  the  engine?         * 


Digitized  by  VjOOQIC 


316  THE  SOCIETY  OF  AUTOMOTIVE  ENGIKBBRS 

Mk.  Mott  : — ^I  do  not  know  at  exactly  what  it  was  rated, 
although  it  gave  56  hp.  at  2600  r.p.m. 

C.  S.  Crawvobd  (M.  S.  a.  E.)  :— That  would  be  about 
160  lb. 

Mk.  Schell: — ^A  7%-in.  disk  would  be  appropriate  for 
this  chassis. 

Proper  Number  of  Bolts 

Mk.  Thoms: — ^If  there  is  any  play  to  be  taken  over  by 
the  universal-joint,  would  it  be  preferable  for  the  joint  to 
have  four  driving  bolts,  or  should  it  have  six?  With  so 
much  play  the  material  is  stretched  far  beyond  the  safe 
load  or  safe  strain. 

Mb.  Schell:-— All  the  propeUer-shaft  installations  to- 
day incorporate  a  three-armed  spider  which  is  flexible 
enough  to  take  the  lateral  movement  and  gives  three  driv- 
ing sectors.  If  the  two-armed  spider  is  used,  naturally 
only  two-thirds  of  the  effective  material  is  utilized  and 
the  disk  must  be  larger  in  proportion  to  transmit  a  given 
load.  Where  the  lateral  movement  is  very  large  it  would 
be  advisable  to  use  a  spline  in  connection  with  a  three- 
armed  spider  rather  than  adopt  tWo-armed  construction. 

J.  E.  Padgett: — Is  there  any  difference  due  to  con- 
tinuity of  impulses  in  the  life  of  those  used  with  four- 
cylinder  engines,  and  those  with  a  greater  number  of 
cylinders? 

Mk.  Schell: — Naturally  with  a  four-cylinder  engine 
the  torque  is  not  as  even  and  thiii  is  generally  allowed  for 
in  laying  out  an  installation.  We  have  noticed  no  great 
difference  in  the  life  of  an  assembly  in  connection  with 
different  numbers  of  cylinders. 

Mr.  McComb: — For  the  same  load,  l\pw  much  larger 
in  diameter  are  the  fabric  joints  than  steel  joints  of 
standard  construction? 

Mr.  Schell: — ^The  flexible  coupling  generally  requires 
from  one  to  two  inches  more  space  than  a  metal  joint  of 
the  same  capacity. 

Lubrication  of  Metal  UniveradlrJointB 

Mr.  Crawfobd: — I  think  the  tendency  is  always  to  use 
the  smallest  thing  on  the  data  sheet.  Conditions  are  con- 
stantly changing  and  when  figuring  these  things  out,  it  is 
best  to  haye  the  engineer  on  the  ground  to  work  out  the 
problem  with  one.  We  have  one  job  that  has  been  run  a 
little  over  10,000  miles,  with  6%-in.  drive.  A  larger  drive 
was  recommended  to  us,  but  we  wanted  to  see  the  smaller 
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one  in  operation  first.  It  has  two  disks  and  a  three-arm 
spider.  The  lateral  movement  on  our  job,  however,  from 
the  first  rebound  to  the  bumpers  against  the  frame,  was 
only  %  in.  The  springs  are  practically  flat. .  The  maxi- 
mum angle  is  about  7  deg.  That  car  ran  on  the  Speedway 
for  most  of  the  10,000  miles  at  an  average  engine  speed 
of  8200  r.p.m.  Our  job  is  not  altogether  immune  from  oil, 
and  I  know  the  disks  are  soaked  with  it,  but  we  have 
never  noticed  any  disintegration  due  to  the  oil  at  high 
engine  speed.  We  can  run  up  to  8500  or  8600  r.p.m.  in 
second-gear,  at  which  speed  there  is  a  bad  whip  in  the 
drive.  However,  I  have  never  seen  a  metal  type  universal- 
joint  that  would  stand  a  half  day's  running  on  the  track 
and  hold  the  lubricant.  The  joint  becomes  so  hot  at  that 
speed  that  it  bums  out  all  the  lubricant  we  have  ever 
tried.  The  lubricant  may  stay  in  the  housing,  but 
the  joint  becomes  so  hot  it  melts  the  lubricant  around  the 
housing  and  the  pins  there  then  start  to  gall,  unless  the 
pins  are  fitted  very  loosely,  and  then  there  is  much  noise. 
A  pilot  might  be  used  for  the  central  part  of  the  drive  to 
support  the  shaft.  I  think  that  could  be  worked  out  well, 
without  getting  any  wear  and  without  any  lubricant,  es- 
pecially where  there  is  very  slight  slippage.  I  think  the 
lubricating  problem  is  the  one  thing  against  the  metal 
joint.  We  have  had  more  trouble  with  that  than  with 
anything  else. 

Mr.  Thoms: — Nevertheless,  they  run  racing  cars  with 
those  joints. 

Mr.  Crawford: — I  know  they  do,  but  I  do  not  think 
they  run  them  at  these  engine  speeds,  and  in  racing  cars 
the  drive  is  as  straight  as  possible.  Racing  cars  are 
lashed  down  and  do  not  bounce  around.  I  think  conditions 
differ  with  passenger  vehicles.  A  racing  car  has  not  the 
load  that  a  touring  car  has,  nor  the  top  and  windshield. 

Mr.  Sghell: — ^In  regard  to  lubrication,  we  carried  on  a 
very  unique  experiment  in  New  York  City  about  four 
weeks  ago.  Several  of  us  were  of  different  opinions  as  to 
the  service  the  metal  universal- joint  generally  gets  on  the 
average  car.  I  made  a  wager  that  eight  of  every  ten  own- 
ers who  drove  their  own  cars  did  not  know  when  their 
joints  had  last  been  greased  or  inspected.  We  left  the  club 
and  approached  the  first  ten  owners  of  cars  whom  we 
happened  to  meet,  picking  out  men  who  did  their  own 
driving.  Instead  of  eight  not  knowing  anything  about 
their  joints  we  found  that  the  entire  ten  did  not  know. 
We  asked  several  why  these  had  not  been  taken  care 
of  and  some  said  they  did  not  know  that  joints  had  to  be 
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greased.  I  asked  one  man  if  he  ever  read  his  instruction 
book;  he  very  intelligently  informed  me  that  people  who 
write  instruction  books  generally  know  nothing  about  au- 
tomobiles. One  informed  me  that  he  did  not  know  he 
had  an  instruction  book.  Most  metal  universal  joints,  if 
designed  with  ample  bearing  surfaces  and  given  proper 
attention,  are  successful;  but  this  little  experiment 
showed  us  that  the  average  car  is  not  given  a  square  deal. 

Mr.  Thoms: — What  is  the  comparative  pow^r  loss  in 
driving  through  an  angle  with  this  type  of  coupling  and 
.  a  metal  coupling? 

Mb.  Schell: — ^We  are  carrying  on  experiments  to  de- 
termine, that  at  the  present  time  and  shall  know  exactly 
from  actual  tests  in  the  very  near  future.  . 

Mr.  McComb: — ^Why  have  not  more  high-grade  cars 
adopted  this  type  of  fabric  joint?  ^ 

Mr.  Schell  : — New  and  advantageous  developments  are 
not  always  adopted,  by  builders  of  high-priced  cars,  al- 
though several  high-priced  trucks  and  passenger  cars 
have  been  using  them  for  some  time. 

Mr.  McComb: — Are  they  not  being  used  between  the 
engine  and  transmission  only? 

'  Mr.  Schell  : — A  number  of  cars  are  using  them  on  the 
propeller-shaft. 

Comparative  Cost 

Mr.  McComb: — They  have  been  used  so  much  in  motor- 
boat  service,  that  it  seems  odd  more  automobile  manufac- 
turers have  not  come  to  use  them.  Has  the  price  operated 
against  it? 

Mr.  Schell: — The  price  at  the  present  time  is  about 
that  of  a  good  metal  universal- joint  installation.  This  is 
kept  high  due  to  the  abnormal  cost  of  cotton  used  in  the 
manufacturing  the  disks. 

Mr.  Crawford: — If  the  car  manufacturer  would  make 
the  chassis  changes  .to  take  care  of  the  conditions  under 
which  this  joint  should  be. used,  more  of  them  than  of  the 
other  type  would  probably  be  used,  and  if  he  would  do  the 
same  thing  for  the  m^tal  joint,  he  would  no  doubt  get 
much  better  results.  I  do  not  believe  the  application  of 
universal-joints  to  cars  has  had  the  serious  consideration 
that  it  should  have. 

H.  A.  Vost: — I  notice  that  in  several  joints  spoken  of 
three  %6-in.  disks  were  used.  Can  two  %-in.  disks  be 
substituted? 

Mr.  Schell  :-^Two  could  be  used  but  in  using  the  three 
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two  additional  frictional  driving  faces  are  obtained.  Nat- 
urally, with  a  lower  given  torque  less  surface  friction  is 
required  for  driving. 

Mr.  Vost  : — For  the  man  who  has  a  light  car,  and  two 
•'He-in.  disks,  the  use  of  three  %-in.  disks  would  be 
recommended  ? 

Mr.  Schell: — In  such  a  case  I  think  the  three  ^A-in. 
disks  would  give  better  results. 

Mr.  V9ST : — I  would  like  to  know  the  tolerances  allowed 
in  fitting  the  disks  on  the  studs? 

Bolt  Holes 

Mr.  Schell: — The  bolt  holes  in  the  disks  are  made  the 
same  size  as  the  bolts,  which  must  be  forced  slightly 
when  assembling. 

Mr.  Thoms: — Are  the  holes  punched  midway  between 
the  outer  and  inner  edges  of  the  disks? 

Mr.  Schell  : — ^We  do  not  put  the  bolt  holes  in  the  cen- 
ter of  the  fabric.  They  are  slightly  out  from  this  as  the 
factor  of  flexibility  must  be  taken  into  consideration  on 
this  point. 

Mr.  Thoms: — Have  not  some  elliptical  washers  been 
used? 

Mr.  Schell: — We  have  used  elliptical  washers  and  still 
use  them  where  not  much  angularity  or  lateral  movement 
is  needed  but,  on  the  rear  installations,  are  getting  best 
results  with  the  round  fluted  washer. 

Mr.  Smith  : — Is  it  not  a  fact  that  on  high-speed  engines 
the  disks  loosen  up,  so  that  the  two  ends  of  the  rear  shaft 
rebound  from  time  to  time,  causing  considerable  vibra- 
tion? 

Mr.  Schell: — With  large  angles  and  extremely  high 
speeds  we  have  had  some  vibrational  trouble.  This  can 
be  overcome  by  the  use  of  a  centering  device  but,  as 
stated  in  my  paper,  on  the  average  chassis  we  find  this 
unnecessary. 

Disk  Diameters 

Mr.  Smith: — My  own  experience,  on  a  small  car,  is 
that  the  ,disk  should  be  greater  in  diameter  in  proportion 
to  the  horsepower  used.  Is  that  not  true?  For  instance, 
a  51/2  or  6-in.  disk  is  Used  on  a  30-hp.  engine  and  possibly 
a  7  to  7y2-in.  disk  on  a  50-hp.  engine.  That  may  show 
that  the  relatively  larger  diameter  gives  better  results  on 
the  smaller  car. 
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Mb.  Schell: — The  diameter  of  the  disk  Is  generally  in 
direct  proportion  to  the  power  transmitted  and  we  have 
been  getting  just  as  good  results  with  7V^-in.  or  8-in. 
disks  as  we  have  with  the  smaller  ones.  Of  course  the 
lateral  slip  and  angle  must  not  be  neglected  in  designing 
a  joint.  Many  of  those  who  experience  this  trouble 
do  not  pay  very  strict  attention  to  machining  tiie 
parts  accurately.  This  is  as  essential  as  in  machining  a 
metal  joint.  Some  of  the  first  assemblies  were  equipped 
with  disks  which  were  too  flexible  and  were  built  with  too 
large  a  center  hole ;  this  made  the  disk  too  weak  to  over- 
come the  centrifugal  action  due  to  working  on  an  angle. 


TRACTOR  FRICTION  TRANSMISSIONS 

By  Charles  A.  Trask* 

The  type  of  friction  drive  with  which  this  paper 
chiefly  deals  consists  of  two  wheels— one  fiber  and  the 
other  metal— operated  by  having  their  rim  surfaces 
pressed  together  along  a  line  of  contact  and  transmitting 
a  pull  due  to  the  resistance  of  the  driven  member  to  slid- 
ing or  slipping  on  the  driver.  If  we  know  the  pressure 
and  the  coefficient  of  friction  in  such  a  drive,  then  the 
product  of  the  two  will  give  the  tangential  pull.  With 
any  given  drive  the  pull  can  be  resolved  into  foot-pounds 
per  minute,  and  dividing  by  33,000  the  horsepower  trans- 
mitted can  be  determined.    Thus: 

_  (tangential  pull,  Ib.^JK  (tang^  speedy  ft.  per  min.^ 
HP gg^Q^Q 

For  a  wheel  D  =  Diameter  in  inches. 

N  =  Revolutions  per  minute. 
_    (tang,  pull,  lb.)  X^  D  N 
^'  33.000  X  12 

=  (tang,  pull,  lb.)  X  0.000,007,938  DA^ 
But  tangential  pull  =i/  X  ^ 
In  which  /  =  Coefficient  of  friction. 
P  =  Pressure,  lb. 

In  the  most  popular  combination  of  friction  materials 
(one  wheel  of  cast  iron  and  the  other  of  tarred  fiber)  the 
following  recommendations  are  made : 

For  spur,  bevel,  and  miter  drives  (where  faces  have 
motion  of  true  rolling  contact)  /  =0.277. 
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For  variable-speed  disk  friction  drives  (where  faces  do 
not  follow  true  rolling  contact)  /  =  0.324. 

Also  it  is  recommended  that  a  pressure  not  to  exceed 
250  lb.  be  used  for  each  1  in.  width  of  face  of  fiber. 

Then  P  (total  pressure)  =  250  w,  when  w  »  width  of 
face  in  inches. 

Hence  for  spur,  bevel,  and  miter  drives: 

Hp.  «    (0.277  X  250  w)  X  (0.000,007,938  D  N) 

=  0.000,55  DwN  (1) 

For  disk  drives: 

Hp.  =  (0.323  X  250  w)  X  (0.000,007,938  D  N) 

=  0.000,64  DwN  (2) 

As  the  power  capable  of  being  transmitted  in  friction 
drives  varies  directly  with  the  pressure,  it  would  be  ideal 
to  use  friction  materials  with  high  compression  strength. 
But  it  has  been  found  that  as  a  fiber  material  is  in- 
creased in  density  to  carry  greater  pressure,  the  coeffi- 
cient of  friction  decreases.  Therefore,  as  pressure  mul- 
tiplied by  coefficient  represents  pull  and  as  it  is  impossi- 
ble to  increase  the  value  of  one  except  at  the  loss  of  the 
other,  no  final  gain  results.  Pressure-withstanding  qual- 
ity of  the  fiber  friction  material  is  therefore  the  limiting 
factor  in  the  friction  drive.  If  pressure  is  too  high  the 
structure  of  the  fiber  gradually  yields  and  breaks  down. 
This  breaking  down  or  disintegration  at  high  speeds  re- 
sults in  a  charring  or  heating  of  the  fiber;  it  becomes 
"brashy"  and  goes  to  pieces.  Everyone  knows  the  result 
of  running  on  an  under-infiated  or  over-loaded  automo- 
bile tire;  the  wall  fabric  becomes  sheared  from  the 
rubber,  heat  is  generated  and  soon  a  new  tire  is  needed. 
The  effect  of  excessive  pressure  on  a  fiber  friction  wheel 
is  very  similar.  It  is  absolutely  necessary  that  pressures 
be  kept  within  reasonable  limits.  The  pressure  of  250 
lb.  per  in.  of  face  width  of  fiber,  given  above,  repre- 
sents only  about  one-sixth  to  one-tenth  the  pressure  that 
would  break  down  the  tarred  fiber  wheel  for  a  short  pe- 
riod of  running,  but  for  average  long  working  periods 
250  lb.  is  all  that  is  safe,  and  even  that  may  be  high  for 
rim  speeds  of  from  6000  to  10,000  ft.  per  minute. 

Appucation  op  Pbessxjre 

The  simplest  and  best  method  of  applying  the  pressure 
between  the  friction  surfaces  would  be  through  a  foot 
pedal,  or  a  lever  that  could  be  drawn  up  until  the  pres- 
sure is  just  sufiicient  to  handle  the  load  and  then  re- 
tained by  suitable  ratchet  or  pawl  at  any  desired  posi- 
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tion.  In  every  friction  drive  a  greater  pressure  is  re- 
quired to  start  a  load,  owing  to  force  required  for  accel- 
eration and  to  the  fact  that  the  coefficient  is  less  (100  per 
cent  slip)  than  under  normal  running  conditions.  Also 
there  will  be  times  when  overloads  must  be  carried  for  a 
short  time,  as  on  short  heavy  grades,  in  sand,  or  when 
plows  are  dropped.  The  single  pedal  or  lever  permits  the 
operator  to  readily  meet  all  these  conditions — ^just  as  a 
hand-controlled  belt-tightener  might  be  desirable  to 
meet  short  overloads,  so  that  the  belt  is  not  always  op- 
erated under  highly  destructive  tension. 
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Percent  Slip  for  Tarred  Fiber  and  Cost  Iron 

-Relation  Between  Coefficient  of  Friction  and  Slip  in  a 
Friction  Transmission 


Industrial  and  farm  vehicles  are  frequently  placed  in 
the  hands  of  those  whose  muscular  development  exceeds 
their  mental  development  and  it  is  necessary  to  either 
train  the  driver  in  order  to  obtain  approximately  the 
correct  pressure  or  make  the  drive  foolproof  to  guard 
against  his  lack  of  mechanical  sense.  Hence  for  tractor 
service  it  seems  advisable  to  consider  the  independent 
application  of  a  fair  operating  pressure  under  normal 
load  conditions  and  then  provide  auxiliary  means  to  obtain 
greater  pressure  for  short  periods,  as  the  operator  may 
find  that  the  conditions  warrant.  This  arrangement  can 
be  carried  out  through  a  lever  or  arm  controlled  by  a 
spring,  which  will  always  operate  the  friction  members 
under  a  fair  average  pressure  when  engaged  (like  the 
ordinary  automobile  clutch),  and  an  auxiliary  lever  or 
pedal  provided  without  ratchet  or  stop,  to  be  effective 
only  as  long  as  the  operator  exerts  pressure  through 
T.hem.  In  any  event,  while  sufficient  pressure  is  necessary 
to  operate  the  friction  drive  without  undue  slip,  prac- 
tically all  the  trouble  encountered  is  caused  by  excessive 
pressure,  and  some  guard  must  be  provided  against  its 
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continual  use.  Like  the  belt  drive,  the  ordinary  fric- 
tion drive  operates  with  only  a  small  percentage  of  slip, 
and  any  operator  soon  becomes  able  to  tell  if  this  becomes 
excessive. 

SUPPAGE 

Fig.  1  shows  a  curve  representing  the  typical  relation 
existing  between  coefficient  of  friction  and  the  slip  be- 
tween the  driving  and  the  driven  wheels.  This  relation 
is  quite. similar  to  that  holding  true  for  the  ordinary 
pulley  and  belt  drive.  Starting  at  zero  per  cent  slip  the 
coefficient  of  friction  (or  the  resistance  to  slipping)  in- 
creases and  reaches  a  maximum  at  about  6  per  cent  slip. 


Fia.   2 — Disk  Friction  Drive  of  th^  Elgin   TifAcroR 

This  is  the  point  of  maximum  pull;  from  then  on  the 
coefficient  decreases  again  until  at  100  per  cent  slip  it  is 
only  about  one-third  that  at  6  per  cent.  The  common 
practice  is  to  design  a  belt  drive  for  a  value  of  the  co- 
efficient corresponding  to  2  per  cent  slip.  Likewise  2  per 
cent  slip  is  used  in  designing  friction  drives  having  spur, 
bevel,   or  miter  shapes  in  which  the  faces  follow  mo- 
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tions  of  true  rolling  contact.  At  2  per  cent  slip  on  the 
curve  the  value  of  the  coefficient  of  friction  as  shown  is 
about  0.462.  However,  the  curve  represents  values  under 
ideal  conditions  as  obtained  in  laboratory  test.  To  pro- 
vide a  fair  factor  of  safety  for  average  working  condi-, 
tions  the  actual  value  is  reduced  40  per  cent,  giving  as  a 
conservative  working  value  of  the  coeffkient  of  friction, 
0.277,  as  used  in  the  calculations  for  formula   (1).    In 


Fig.    3 — Doublj-Disk   Transmission   of   the   H eider   Tractor 

disk  friction  variable  speed  drives,  it  is  impossible  to  de- 
sign for  a  fixed  percentage  of  slip  between  the  driving  and 
the  driven  members,  as  a  slight  twisting  action  always 
occurs  on  the  wheel  face,  owing  to  the  lack  of  true  rolling 
contact,  and  the  actual  slip  varies  with  the  different  posi- 
tions of  the  wheel  on  the  disk.  The  tendency,  in  this  ar- 
rangement of  drive  is  for  the  slip  to  increase  until,  for 
the  different  points  on  the  face,  the  total  average  value 
corresponds  to  the  value  of  the  coefficient  just  sufficient 
to  carry  the  load  under  the  pressure  being  used.    Natu- 
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rally  for  greatest  transmittingr  capacity  this  is  repre- 
sented by  the  values  at  the  peak  of  the  curve.  There- 
fore, it  is  customary  to  design  disk  drives  on  the  basis 
of  average  maximum  values.  In  the  case  of  the  curves 
shown  in  Fig.  1  a  fair  average  maximum  value  of  the 
coefficient  is  0.50  and  60  per  cent  of  this,  taken  as  a  fair 
working  value,  is  0.324,  as  used  in  formula  (2). 

Between  values  of  6  and  100  per  cent  slip  (shown  by  the 
broken  line)  the  relaMons  on  the  curve  are  assumed. 
These  no  doubt  are  approximately  correct,  and  in  any 
event  the  values  within  these  points  do  not  materially 
affect  practical  operating  conditions.  The  reduced  value 
of  the  coefficient  at  100  per  cent  slip  explains  why  for  a 
given  fixed  load  a  proportionally  higher  pressure  is  re- 
quired at  starting,  and  also  why  this  condition  is  inde- 
pendent of  the  pull  needed  to  accelerate  the  load  from 
rest. 

Operatino  Speeds 

Since  power  is  merely  the  rate  of  doing  work,  and  any 
given  friction  has  a  fixed  maximum  tangential  pull  cor- 
responding to  the  pressure  of  contact  and  the  coefficient 
of  friction,  the  power-transmitting  capacity  of  friction 
drives  varies  directly  with  the  speed  of  operation.  There 
appears  to  be  no  particular  limit  to  the  safe  operating 
speeds  of  friction  wheels^  such  drives  having  been  op- 
erated at  rim  speeds  up  to  13,000  ft.  per  minute,  but  for 
average  conditions  the  surface  speed  may  be  anything  up 
to  6000  or  8000  ft.  per  minute. 

Design  and  Installation 

In  the  case  of  variable  speed  disk  drives,  these  surface 
speeds  should  be  obtained  by  the  use  of  disks  of  large 
diameter  rather  than  by  high  rotating  speeds,  so  that  in 
low-gear  position  the  friction  wheel  will  reach  such  a 
point  on  the  disk  that  the  surface  speed  will  be  moderate. 
For  this  reason,  the  operator  should  slow  down  his  en- 
gine when  starting  the  load  so  that  when  the  surfaces 
are  engaged  there  will  be  less  slip  to  overcome  and  less 
wear  of  the  friction  surfaces  as  a  result. 

In  mounting  friction  transmissions,  the  speeds  usually 
being  high,  it  is  well  to  see  that  all  parts  are  properly 
balanced.  Ball  or  roller  bearings,  both  radial  and  thrust, 
of  the  self-aligning  type,  or  bearings  mounted  in  self- 
aligning  housings,  should  be  used  to  compensate  for 
possible  springing  or  deflections  of  the  shafts,  and 
for  distortions  owing  to  road  inequalities.  This  point  is 
important   as   otherwise   bearing  trouble   may  develop. 
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The  average  designer  appears  to  consider  that  his  shafts 
are  called  upon  to  transmit  only  a  given  torque.  In  fric- 
tion drives  they  must  also  carry  the  pressure,  and  main- 
tain the  correct  alignment  of  the  faces  of  the  friction 
members.     Actual  operating  conditions  are  not  those  of 


Fig.  4 — Friction  Transmission  of  the  Square  Turn  Tractor 

the  erecting  floor;  design  ample  bearings  and  shafts, 
arrange  to  protect  the  friction  surfaces  from  dirt  and 
oil,  make  friction  members  of  sufficient  size  to  require 
only  reasonable  pressure,  and  then  let  the  user  know  at 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


328  THE  SOCIETY  OF  AUTOMOTIVE  ENGINEEBS 

least  the  basic  principles  of  the  drive  which  he  is  to  op- 
erate. If  this  is  done  the  drive  will  be  successful,  and 
will  be  just  as  dependable  as  any  belt,  chain  and  sprocket 
or  toothed-gear  drive.  If  the  drive  fails  to  handle  its 
load  or  wears  badly,  do  not  blame  the  transmission, 
when  the  fault  is  due  to  inadequate  size  or  to  improper  in- 
stallation. There  is  a  real  advantage  to  the  tractor  in 
the  extreme  simplicity,  the  flexibility,  the  soft  velvet 
clutching  action,  and  the  high  efficiency  of  the  friction 
transmission.  It  means  longer  life  of  the  entire  ma- 
chine, greater  ease  in  handling,  and  more  work  done  per 
gallon  of  fuel. 

Friction  Transmission  Types 

Fig.  2  shows  a  simple  form  of  disk  friction  drive 
mounted  in  a  substantial  frame,  as  applied  to  the  Elgin 
tractor.  Three  pins  projecting  from  the  engine  flywheel 
engage  the  spider  that  drives  the  disk  shaft.  The  pres- 
sure is  applied  through  the  lever  shown.  Six  forward 
positions  and  a  reverse  are  provided,  thus  permitting  the 
engine  to  work  at  its  best  speed  regardless  of  the  load. 
When  used  for  stationary  power  purposes  the  pinion  on 
the  countershaft  is  disengaged  by  pulling  the  button 
shown  above  the  left-hand  bearing. 

Fig.  3  illustrates  the  double  disk  transmission  on  the 
Heider  tractor.  In  this  arrangement  the  fiber  friction 
member  is  a  part  of  the  flyw'heel;  both  disks  are  keyed 
to  the  countershaft,  which  slides  endwise  to  bring  the 
disks  into  f  rictional  contact  with  the  fiber,  being  moved  to 
the  right  to  go  ahead  and  to  the  left  to  back.  To  increase 
speed  the  engine,  and  with  ft  the  fiber  friction  wheel,  is 
moved  toward  the  center  of  the  disks.  Seven  speed  posi- 
tions are  provided.  This  machine  has  been  built  for  ten 
years  and  large  numbers  are  in  use. 

The  National  tractor  has  a  similar  transmission  ar- 
rangement. 

The  transmission  in  the  Port  Huron  tractor  is  similar 
to  that  in  the  Heider,  but  instead  of  moving  the  engine 
when  changing  speeds  the  friction  wheel  slides  on  the 
rearward  extension  of  the  crankshaft. 

In  the  Square  Turn  tractor,  Fig.  4,  only  one  9peed 
reduction  is  provided.  The  levers,  B  and  C,  operate 
eccentrics  carrying  the  large  bevel  friction  wheels.  The 
operator  can  cause  both  road  wheels  to  go  forward  or 
backward,  or  one  to  go  back  and  one  forward  at  the  same 
time.  The  machine  has  a  single  castor  wheel  at  the 
narrow  end;  this  is  the  rear  end  when  plowing,  the  plows 
being  underneath.     When  towing,  the  driver's  seat  is 


Digitized  by  VjOOQIC 


g   » 


Digitized  by  VjOOQIC 


330  THE  SOCIETY  OF  AUTOMOTIVE  ENGINEERS 

swung  around  to  the  opposite  side  of  the  steering-wheel, 
the  driving  wheels  then  being  in  the  rear.  No  differential 
is  required.  The  machine  weighs  7800  lb.,  has  70-in. 
driving  wheels  and  a  40-hp.  engine. 

Fig.  5  shows  how  the  friction  transmission  members 
of  the  Cummings  6-ton  locomotive  are  brought  together 
by  screw  pressure,  the  screw  being  operated  by  a 
hand-wheel.  The  disk  and  friction  wheels  are  28  in. 
diameter.  A  number  of  these  are  now  being  built 
fj)r  the  Government  ordnance  departments.  The  driver 
must  be  taught  to  lessen  the  pressure  after  getting  his 
train  under  way  or  the  fiber  wheel  will  be  short-lived. 
The  speed  change  in  this  drive  is  obtained  by  the  use  of 
rack  and  pinion. 

The  builders  of  the  Plymouth  locomotive,  Fig.  6,  have 
been  constructing  friction-transmission  equipped  com- 
mercial and  industrial  vehicles  for  eleven  or  twelve  years. 
On  friction-driven  locomotives  it  is  the  usual  practice  to 
arrange  the  friction  wheel  so  that  it  will  slide  entirely 
across  the  face  of  the  disk  in  order  to  give  the  same 
speed  whether  going  forward  or  back  (see  Fig.  7), 
while  on  tractors  it  is  usual  to  move  the  friction  wheel 
past  center  only  enough  to  obtain  a  satisfactory  reverse 
speed,  which  is  usually  fairly  slow. 

A  noiseless  universal  coupling,  in  which  four  flexible 
blades  connect  the  driver  on  the  end  of  the  disk  shaft  to 
the  flyivheel  is  shown  in  Fig.  8.  This  device  has  been 
thoroughly  tried  out;  it  permits  sufficient  end-play  so 
that  the  friction  surfaces  may  be  brought  together  or 
disengaged.  It  needs  no  center  bearing,  does  not  wear 
and  is  cheap.  Fig.  9  shows  a  type  of  split  filler  or  fiber 
band  which  is  especially  convenient  for  making  repairs 
without  disturbing  other  parts  of  the  mechanism. 

THE    DISCUSSION 

• 

George  A.  Weidely  (M.  S.  A.  E.) : — I  noticed  that  on 
some  of  the  tractors  illustrated  the  fiber  friction  member 
was  the  driver.  On  others  the  fiber  friction  was  driven. 
Just  which  is  the  proper  method  and  why? 

W.  D.  Hamerstadt: — Theoretically  I  do  not  believe  it 
makes  much  difference  whether  the  fiber  wheel  drives  or 
is  driven.  One  practical  condition  that  enters,  however, 
is  the  wearing  of  flat  places  on  the  fiber.  That  can  occur 
only  when  the  fiber  wheel  is  driven.  Although  such 
trouble  constitutes  one  of  the  principal  talking  points 
against  the  friction  drive,  as  used  in  automobiles,  it  does 
not  occur  as  much  as  people  may  think.    I  have  operated 
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friction  drive  cars  very  extensively  with  the  fiber  driven 
member  and  never  encountered  such  trouble. 

Service  Differs  on  Tractors  and  Automobiles 

In  tractor  designs  wher6  there  is  a  relatively  great 
speed  reduction  through  the  friction  members,  the  large 
diameter  metal  disk  used  as  a  driven  member  seems  to 
work  out  best.  I  believe,  however,  the  most  important 
consideration  is  the  nature  of  the  work.  Tractors  operate 
by  far  the  greater  part  of  the  time  at  low  speeds  and 
under  the  heaviest  loads»  as  in  plowing.  Now,  the  highest 
efficiency  in  the  variable-speed  disk  friction  driven  is  when 
the  fiber  wheel  is  at  the  outermost  point  of  the  diameter 
of  the  disk.  Therefore,  to  obtain  highest  efficiency  dur- 
ing the  period  of  greatest  work  and  when  most  needed,  a& 
on  heaviest  pulls,  I  would  recommend  the  fiber  as  the 
driving  member.  The  condition  is  exactly  reversed  with 
automobiles;  most  of  the  service  is  on  high  speed  with 
light  loads.  For  such  service  I  would  recommend  the 
fiber  member  be  the  driven  member.  In  either  case  the 
load^arrying  ability  of  the  transmission  should  be  at  all 
times  equal  to  that  of  the  engine. 

Slippage  and  Coefficient  of  Friction 

D.  L.  Gallup  (M.S.A.E.)  -.—What  is  the  reason  for 
the  coefficient  of  friction  of  spur,  bevel  and  miter  gear 
drives  being  less  than  for  variable-speed  drives? 

Mr.  Hamerstadt: — The  point  has  been  brought  out 
by  Mr.  Trask.  Spur,  miter  and  bevel  drives  have  a  mo- 
tion of  true  rolling  contact  between  their  faces,  and,  like 
belt  drives,  they  are  designed  for  a  uniform  constant  slip 
of  say  2  per  cent.  The  value  of  the  coefficient  of  friction 
for  such  drives  is,  therefore,  that  value  corresponding 
to  2  per  cent  sHp  on  the  slip-coefficient  of  friction  curve 
(after  deducting  40  per  cent  as  a  factor  of  safety  for 
actual  Working  conditions) .  In  disk  friction  drives  there 
is  a  certain  twisting  action  of  the  fiber  wheel  against  the 
face  of  the  disk,  and  for  each  different  position  of  the 
fiber  wheel  on  the  face  this  twisting  action  and  the  total 
average  slip  vary.  Taking  a  case  in  which  the  slippage 
on  the  fiber  is  4  per  cept  at  a  point  near  the  center  of 
the  face  of  the  disk,  3  per  cent  at  a  point  midway  between 
the  center  and  outer  edge  of  the  fiber,  and  2  per  cent  at 
the  outer  edge,  each  of  these  points  will  be  pulling  with 
a  different  value  of  the  coefficient  of  friction  correspond- 
ing to  its  rate  of  slip  on  the  slip-coefficient  of  friction 
curve.    As  the  load  increases  there  will  be  a  tendency  for 
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each  point  to  slip  more,  so  as  to  have  a  greater  pulling 
capacity.  A  glance  at  the  slip-coefficient  of  friction  curve 
readily  shows  that  the  different  points  with  their  varying 
slippage  exert  maximum  pull  only  as  the  slips  approach 
values  corresponding  to  maximum  coefficient  values  at 
the  peak  of  the  curve,  say  6  per  cent  slip.  This  average 
maximum  value  of  the  coefficient  of  friction  is  used,  there- 
fore, as  the  basis  of  design  for  variable-speed  friction 
drives,  of  course,  after  allowing  the  40  per  cent  factor 
of  safety.  It  is  not  based  on  a  predetermined  fixed  value 
of  slip  as  for  spur,  miter  and  bevel  drives.  • 

Mr.  Oallup: — I  supposed  that  spur,  bevel,  and  miter 
drives  were  more  efficient. 
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FiQ.    7 — Plymouth   Locomotive,   Rbar   View,   Showing    Provision 
FOR  Sliding  the  Friction  Wheel  Across  the  Face  of  the  Disk 

Mr.  Hamerstadt: — They  are  more  Efficient  than  vari- 
able-speed drives.  However,  thart  statement  may  lead  one 
to  underestimate  the  efficiency  of  the  variable-speed  drive, 
whereas  it  is  very  good.  The  curve  shows  that  the  maxi- 
mum value  of  the  coefficient  of  friction  is  reached  at  about 
6  per  cent  slip,  that  is,  the  maximum  capacity  is  reached 
with  a  slip  never  exceeding  6  per  cent.  After  that,  the 
decreasing  values  of  the  coefficient  of  friction  will  simply 
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result  in  stalling  the  drive.  The  6  per  cent  slippage  loss 
represents  practically  the  entire  loss  in  efficiency  except 
the  friction  loss  in  shaft  bearings  and  the  slight  loss 
caused  by  rolling  friction  of  the  two  surfaces.  In  proper 
design  tiie  shaft  bearings  should  cause  little  loss  and 
with  a  dense  hard  smooth  fiber  surface  the  rolling  fric- 
tion seems  almost  negligible.  We  might  say,  therefore, 
that  with^  friction  surfaces  clean  and  in  good  operating 
condition,  as  must  hold  true  for  the  slip-coefficient  of 
friction  curve  shown,  the  efSciency  will  never  be  less 
than  94  per  cent  at  maximum  load,  and  at  lower  loads  it 
will  be  even  greater.  I  do  not  believe  there  is  a  toothed- 
gear  drive  that  can  show  continuously  as  high  an  ef- 
ficiency. 

C.  S.  Crawford  (M.  S.  A.  E.) : — ^We  design  toothed- 
gear  drives  to  transmit  power  as  efficiently  as  that  but 
they  are  not  manufactured  that  way. 

Mr.  Gallup: — ^What  is  the  maximum  commercial  ca- 
pacity, in  horsepower,  of  a  friction  drive? 

Mr.  Trask  : — I  do  not  think  it  has  ever  been  reached. 

Mr.  Gallup: — Two  thousand  horsepower? 

Mr.  Trask  : — I  see  no  reason  why  that  figure  cannot  be 
reached.  I  do  not  know  what  is  the  largest  drive  we 
have  turned  out,  but  5-in.  shaft  sizes  are  not  uncommon. 

The  Panama  Canal  Commission  has  installed  ma- 
chinery for  handling  coal  at  Balboa  and  Colon  where  the 
storage  capacity  is,  I  believe,  about  900,000  tons.  A  num- 
ber of  large  bevel  friction  drives  are  used  for  handling 
this  coal;  most  of  the  shafts,  as  I  remember  them,  are 
about  5  in.  diameter  and  they  run  at  fairly  high  speed. 
I  believe  the  units  handle  3000  tons  per  hour. 

Protection  of  the  Friction  Members 

A  Member: — ^We  have  a  tractor  with  a  straight-faced 
disk.  What  provision  is  made  against  trouble  from  sand 
and  grit? 

Mr.  Trask: — The  friction  members  are  not  left  ex- 
posed as  shown  in  the  illustrations.  Generally  they  are 
protected  just  as  carefully  as  toothed-gear  transmissions. 

A  Member: — Is  there  any  difference  in  the  capacity 
when  such  a  drive  is  inclosed,  particularly  when  grease 
or  oil  gets  on  it?    How  does  lubricant  affect  it? 

Mr.  Trask: — Oil  and  grease  must  be  kept  off  of  the 
friction  surfaces.  Any  mechanism  operating  close  to  the 
friction  surfaces  can  be  shielded  in  some  way  to  prevent 
throwing  lubricant. 


Digitized  by  VjOOQIC 


334  THE   SOCIETY  OF  AUTOMOTIVE  ENGINEERS 

A  Member: — Should  the  surfaces  be  absolutely  dry? 

Mr.  Trask  : — They  should  be  shielded  from  road  splash 
and  rain.  However,  we  have  found  that  a  very  small 
sprinkling  of  oil  does  not  cause  much  harm. 


Fig.  8 — Noiseless  Universal  Coupling  for  Friction 
Transmissions 

Mr.  Crawford: — Are  compounds  of  any  kind  used  oc- 
casionally on  the  disks,  as  for  belt  drives? 

Mr.  Trask: — ^We  have  experimented  with  dressings 
but  it  has  been  found  that  best  results  obtain  from  in- 
corporating a  small  amount  of  compound  in  the  fiber 
when  it  is  being  made. 

Friction  Wheels  Operate  Better  in  Damp  Weather 

Mr.  Hamerstadt: — A  fiber  friction  wheel  invariably 
operates  better  in  damp  weather.  It  seems  to  pull  more 
owing  to  the  fact  that  the  material  absorbs  moisture. 
Any  friction  dressing  must,  therefore,  be  hygroscopic  in 
nature.  The  moisture  absorbed  seems  to  toughen  the 
fiber.  Rosin  or  greases  should  never  be  used.  In  the 
presence  of  heat  due  to  slippage,  the  rosin  will  melt  and 
then  cause  slippage.  Oil  and  grease  soak  into  the  fiber, 
reduce  the  coefficient  of  friction  and  cause  a  high  rate  of 
slippage.  After  becoming  absorbed  it  is  almost  impos- 
sible to  get  them  out. 

Mr.  Crawford: — Have  devices  ever  been  applied  to 
these  tractors  for  truing  the  fiber  member  in  case  flat 
.spots  or  anything  of  that  kind  should  develop? 

Mr.  Hamerstadt: — That  used  to  be  brought  up  as 
advisable  for  automobile  friction  drives,  but  I  never 
heard  of.it  or  the  need  of  it  for  a  tractor.  I  can  see  no 
real  commercial  need  for  that  attachment  on  the  ma- 
chine. The  friction  rings  are  made  with  a  split  lap, 
and  one  of  those  wheels  can  be  replaced  in  a  half  hour. 

Comparison  with  Belt  Drive 

Mr.  Weidely: — This  friction  drive  has  been  likened 
to  a  belt  a  number  of  times,  but  I  do  not  see  the  simi- 
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larity.  A  friction  drive  depends  upon  certain  contact 
pressure,  and  Mr.  Trask  made  the  statement  that  it  did 
not  require  any  considerable  area  of  contact.  A  tight  belt 
is  not  required  in  a  belt  drive,  but  smooth  surfaces  and 
many  square  inches  of  belt  contact  are  needed.  Accord- 
ing to  Mr.  Trask  these  are  not  needed  in  a  friction  drive. 
Mr.  Hamerstadt:— The  belt  drive  is  similar  to  the 
Gabriel  snubber.  An  enormous  pressure  is  introduced 
against  a  body  by  taking  one  or  more  wraps  around  it 
with  a  cord  or  band  and  then  pulling  on  the  cord.  We  all 
know  the  effectiveness  of  the  cable  drum  or  winch.  Area 
absolutely  is  not  required  in  a  belt  drive  to  transmit 
power,  but  we  do  need  the  wrapping  pressure  of  the  belt 
against  the  pulley  face  just  as  in  the  Gabriel  snubber.  A 
belt  one  inch  wide  will  transmit  the  same  power  to  a 
pulley  as  one  ten  inches  wide  if  they  both  have  the  same 
arc  of  wrap,  the  same  tension  and  the  same  speed. 


Pio. 


9 — Showing  Construction  of  a  Split  Filler  op  Fiber  Band 
FOR  A  Friction  Transmission 


A  Member: — Then  why  is  compound  used  on  a  belt? 

Mr.  Hamerstadt: — A  compound  or  dressing  api^ied 
to  a  belt  will  increase  the  grip  or  value  of  the  coefficient 
of  friction  between  the  surfaces.  Of  course,  if  we  can 
increase  the  value  of  the  coefficient  of  friction,  then  for 
a  given  pull  the  pressure  need  not  be  so  great,  and  like- 
wise the  tension  in  the  belt  that  causes  the  pressure  may 
be  less;  in  other  words,  belt  dressing  will  permit  a 
slacker  belt,  as  long  as  its  effect  lasts. 

Mr.   Crawford: — The   most  satisfactory   belt   drive, 
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however,  is  with  a  slack  belt  having  a  large  arc  of  con-' 
tact  on  the  pulley. 

Mr.  Hamerstaot:— Yes;  if  the  arc  of  wrap  of  the 
belt  is  great,  it  results  in  a  much  greater  total  pressure 
of  the  belt  on  the  pulley,  and,  of  course,  the  power  that 
can  be  handled  is  dependent  on  this  pressure. 

Friction  Drive  Rim  Speed 

A  Member: — Is  there  a  definite  speed  at  which  the 
friction  drive  members  should  operate?  Will  it  give 
extra  efficiency  or  under  efficiency  or  burn  itself  up  by 
going  too  fast? 

Mr.  Hamerstadt: — I  know  of  no  particular  limit. 
Friction  surfaces  can  and  do  commonly  operate  at  speeds 
of  6000  to  7000  ft.  per  min.  Of  course,  for  a  given 
amount  of  power,  the  higher  the  rim  speed  the  less  the 
tangential  pull,  and  therefore  less  pressure  is  required 
between  the  friction  members.  Like  the  belt  drive,  it  is 
economy  to  operate  at  high  speeds.  I  have  known  of 
frictions  to  operate  at  speeds  as  great  as  13,000  ft.  per 
min.,  but  this  seems  too  high. 

In  any  case,  as  the  speed  increases,  the  pressure  on  the 
friction  surfaces  should  be  reduced,  as  otherwise  the 
"flexing". or  "working"  of  the  fiber  at  the  high  speeds 
will  generate  excessive  heat  and  do  damage. 

George  T.  Briggs  (A.  S.  A.  E.) : — Should  there  be  a 
definite -i^ize  depending  on  the  amount  of  load?  Are  there 
varying -sizes  of  fiber  wheels? 

Mr.  TrasK: — There  are  no  fixed  stock  laizes  of  friction 
wheels.  ^Any  size  within  the  limits  of  mechanical  con- 
struction can  be  supplied  and  by  following  formulas  which 
I  have  giv^n  any  engineer  can  tell  what  size  to  use. 

A  Member: — If  it  is  desired  with  a  belt  drive,  to 
double  the  power  transmitted  at  a  given  speed  by  two 
members  (one  driving  and  one  driven),  the  width  of  the 
belt  could  be  increased.  What  is  done  with  a  friction 
drive  for  a  similar  case?  Is  the  pressure  or  the  width 
of  the  driving  disk  increased  or  what  is  the  limiting 
factor? 

Mr.  Trask  : — The  surrounding  conditions  govern  that. 
If  space  were  available  they  might  be  increased  in  diame- 
ter. In  a  belt  drive  the  diameter  of  pulley  or  width  of 
belt  can  be  changed.  In  a  friction  drive  the  diameter  of 
friction  wheel  or  its  width  of  face  can  be  increased. 

Mr.  Hamerstadt: — ^Let  me  point  out  in  this  connec- 
tion that  to  increase  the  width  of  belt  or  the  face  of  the 
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friction  members  does  not  in  either  case,  in  itself,  result 
in  greater  transmitting  capacity.  Belt  widths  are  in- 
creased so  that  the  total  section  of  the  belt  will  be  suffi- 
cient to  stand  the  tension  under  which  it  must  operate, 
without  too  great  a  stretch;  in  other  words,  to  increase 
the  thickness  of  a  belt  will  have  just  as  much  effect  as  to 
increase  its  width.  Likewise,  the  face  widths  of  fric- 
tion members  are  increased  only  to  give  a  proper  dis- 
tribution of  the  total  pressure  necessary  to  handle  the 
load.  In  all  cases  it  should  be  remembered  that  it. is  not 
safe  to  apply  more  than  a  certain  fixed  pressure  against 
each  one-inch  width  of  face  and  greater  total  pressures 
can  be  safely  used  only  by  increasing  the  face  widths. 
Pressure  in  friction  drives  and  belt  tension  in  belt  drives 
are  really  the  important  limiting  conditions  of  these 
forms  of  transmission.  Use  of  excessive  pressures  will 
invariably  result  in  rapid  breaking  down  and  destruction 
of  the  fiber. 
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ELECTRICALLY-CONTROLLED  STEAM 
AUTOMOBILES 

By  Abneb  Doble* 

The  first  actual  attempt  at  driving  a  vehicle  by  steam 
seems  to  have  been  made  in  1770  by  Cugnot.  A  single 
wheel  in  front  served  as  a  steering  and  driving  wheel. 
A  pair  of  cylinders  acted  upon  a  crankshaft  which  was 
geared  to  the  rear  axle.  The  boiler  was  located  in  front 
of  the  engine,  and  both  boiler  and  engine  overhung  the 
front  wheel.  This  vehicle  was  capable  of  making  a 
speed  of  2^4  m.p.h.,  but  was  unmanageable  because  of 
steering  difficulties.  The  original  model  is  preserved  in 
the  Conservatoire  Des  Arts  et  Metiers  in  Paris. 

The  first  authentic  record  of  a  power-propelled  vehicle 
is  found  in  a  patent  taken  out  by  Watt  in  1784,  which 
describes  the  application  of  a  steam  engine  for  the  pur- 
pose of  locomotion. 

Speedily  following  this,  in  1786,  a  steam  carriage  was 
built  by  Murdock,  Watt's  assistant,  and  was  run  upon 
the  high  road  near  Redruth,  Cornwall. 

Similar  .experiments  were  made  by  William  Syming- 
ton, to  whom  the  idea  probably  occurred  at  about  the 
same  time  as  to  Watt. 

Oliver  Evans,  an  American  inventor,  likewise  con- 
structed a  steam  vehicle  in  1787,  and  obtained  rights  to 
operate  steam  vehicles  in  Pennsylvania  and  Maryland. 

Some  years  later  (1802)  other  attempts  were  made  by 
Trevithick  and  Vivian  in  England,  but  were  shortly  dis- 
continued, probably  owing  to  the  generally  poor  condi- 
tion of  the  roads,  or  to  the  attraction  of  enterprise  and 
capital  to  the  improvement  of  railroads,  the  introduction 
of  which  had  been  begun. 

For  about  thirty  years  the  subject  was  in  abeyance, 
when  it  was  revived  again  by  Griffiths,  Brunei,  Gumey 
and  Hancock.  The  steam  carriages  constructed  by  these 
inventors  were  run  in  various  parts  of  England  and 
Scotland,  but  their  operation  did  not  prove  profitable 
commercial  undertakings.  In  1839  Hancock  built  and 
operated  several  steam  omnibuses  in  the  city  of  London 
and  the  suburbs. 


^Vice-President,  Doble-Detroit  Steam  Motors  Company 
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The  latter  type  of  vehicle,  when  carrying  supplies  of 
water  and  fuel,  but  without  passengers,  weighed  about 
8^^  tons.  In  general  it  attained  a  speed  of  10  nLp.h., 
but  on  exceptionally  good  roads  was  capable  of  a  speed 
of  about  20  m.p.h.  However,  prohibitive  tolls  were  ex- 
torted on  the  turnpike  roads  and  road  laws  passed  which 
provided  that  a  man  had  to  walk  in  front  of  a  car  waving 
a  red  flag,  so  that  finally  the  operation  of  steam  vehicles 
was  practically  stopped. 

Not  until  1889  was  there  a  substantial  revival  in  mo- 
tor-driven vehicles,  and  from  that  time  on  rapid  strides 
were  made  in  the  development  of  the  so-called  horseless 
carriages. 

Serpollet  had  been  experimenting  for  some  years  in 
France,  and  produced  some  efficient  machines,  the  boiler 
being  of  the  flash  type,  using  gasoline  or  kerosene  for 
fuel.  The  fuel  was  first  vaporized,  by  means  of  a  cup 
charged  with  alcohol  placed  beneath  the  burner,  which 
served  to  heat  the  lower  part  of  the  coiL  The  vapor 
from  the  fuel  in  the  heated  coil  passed  to  the  base  of  the 
burner,  where  air  was  introduced  with  the  vapor,  the  re- 
sulting mixture  being  ignited  by  the  preheated  coil  in 
passing  upward.  The  coil  was  then  kept  hot  by  the  con- 
tinuous burning  of  the  fuel  and  likewise  continued  to 
vaporize  the  fuel  as  it  was  fed  through  the  coil. 

Early  Steam  Car  Builders 

Among  the  early  builders  of  steam  automobiles  in  this 
country  may  be  mentioned  the  Baldwin  Automobile  Com- 
pany, Providence,  R.  I. ;  the  Milwaukee  Automobile  Com- 
pany, Messrs.  F.  E.  &  F.  0.  Stanley,  the  Locomobile 
Company,  and  a  little  later  the  White  Company  of  Cleve- 
land. 

In  the  early  nineties  a  wave  of  progress  spread 
throughout  the  Continent,  England  and  the  United 
States,  which  started  the  development  of  the  internal- 
combustion  engine,  as  well  as  the  electric  motor  for  road 
vehicles. 

In  the  steam  car  several  great  disadvantages  had 
presented  themselves.  One  was  the  low  mileage  ob- 
tained from  the  amount  of  water  that  could  be  car- 
ried conveniently.  It  was  most  uncommon  to  be  able 
to  make  a  continuous  run  of  one  hundred  miles  without 
refilling  the  water  tank,  and  in  general,  it  was  necessary 
to  stop  for  water  every  twenty-five  to  fifty  miles  of 
travel.  Another  serious  drawback  was  the  trouble  and 
time  required  in  starting.    If  a  steam  car  could  be  got 
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under  way  in  ten  to  fifteen  minutes  from  a  cold  boiler, 
it  was  considered  most  satisfactory.  Ordinarily  it  might 
require  a  half  hour  and  the  manipulation  of  various 
manual  devices,  which  demanded  an  intimate  knowledge 
of  the  mechanism  of  the  car.  A  great  deal  of  the  delay 
in  starting  was  due  to  the  preheating  of  the  main  burner 
by  means  of  a  pilot  light,  which  first  vaporized  the  fuel 
in  the  primary  burner.  There  has  also  always  been  an 
element  of  danger  from  the  exposed  flame  of  a  pilot  light 
when  gasoline  is  used. 

About  ten  years  ago  steam  cars  had  reached  a  high 
state  of  popularity  and  had  a  large  number  of  enthusias- 
tic advocates,  since  two  companies — the  Stanley  and  the 
White — were  producing  them  in  quantities.    Under  these 


Cross-Section  of  Doblb  Engine 
vienerator  gear  meshes  with  main  drive  gear  on  rear  axle 

conditions  and  in  an  industry  which  was  bound  to  as- 
sume such  huge  proportions,  it  was  most  natural  that 
experiments  should  be  made  with  other  sources  of  power 
besides  steam. 

At  the  time  of  this  early  development  in  automobiles 
even  the  long  established  prestige  of  the  stationary 
steam  engine  seemed  to  be  somewhat  in  jeopardy,  and  a 
number  of  large  engine  builders  began  to  think  of  the 
possibility  of  steam  being  replaced  by  the  explosive  type 
of  engine.  A  great  deal  of  attention  was  being  given  to 
the  perfection  of  the  gas  engine  for  stationary  plants. 
In  such  service  the  problem  of  the  ignition  of  fuel  and 
the  generation  of  steam  did  not  enter  as  a  factor,  as  it 
does  in  the  application  of  a  steam  generating  plant  for 
an  automobile. 

It  was  most  natural,  therefore,  that  automobile  en- 
gineers should  and  did  turn  their  attention  almost  en- 
tirely to  the  perfection  of  the  internal-combustion  en- 
gine. Development  along  this  line  progressed  most 
satisfactorily,  one  by  one  the  manufacturers  of  steam 
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cars  changed  over,  and  vyrith  the  exception  of  those  of 
the  Stanley  Company,  no  steam  automobiles  have  been  in 
regular  production  for  the  past  six  years. 

Every  engineer  vi^ill  agree  that  steam  is  the  most 
dependable  and  the  most  flexible  source  of  power.  To 
approach  that  smooth  running,  positive  power  in  a  gaso- 
line car,  the  tendency  has  been  to  increase  the  number 
of  cylinders,  until  we  now  have  in  common  use  many 
eight  and  twelve-cylinder  internal-combustion  engines. 
•  Other  methods  have  also  been  employed,  such  as  in- 
creasing the  number  of  valves  and  combining  the  gaso- 
line engine  with  the  electric  motor.  All  of  these  prac- 
tices tend  to  complicate  the  mechanism  and  to  increase 
the  fuel  consumption  in  the  effort  to  secure  the  per- 
formance obtainable  with  the  steam  engine. 

During  my  ten  years  of  experimental  work  I  have 
always  had  in  mind  the  possibility  of  overcoming  the 
objectionable  features  and  seemingly  insurmountable' 
difficulties  that  had  diverted  development  from  steam  to 
internal-combustion  engines  for  the  propulsion  of  auto- 
mobiles. The  principal  problems  that  confronted  me 
were: 

1  The  low  mileage  possible  on  one  tankful  of  water. 

2  The  formation  of  scale  in  the  boiler  with  a  re- 
sultant drop  in  efficiency  and  added  liability  of  burning 
the  already  extremely  hot  heating  surface,  which  in 
turn  necessitated  the  frequent  cleaning  of  the  boiler. 

8  The  toil,  time  and  inconvenience  involved  in  firing 
up  the  main  burner  by  means  of  a  pilot  light. 

If  the  ignition  and  starting  of  a  gasoline  car  could 
be  accomplished  almost  instantly  by  the  operator  sitting 
at  the  steering  wheel,  why  could  not  the  same  result  be 
obtained  in  a  steam  car? 

Electricity  is  a  refinement  now  used  for  the  ignition 
and  starting  of  the  steam  car.  The  driver  can  sit  at  the 
steering  wheel,  close  the  switch  on  the  steering  column, 
and  start  his  car  in  a  minute's  time,  even  though  the 
car  may  have  been  standing  idle  for  several  hours. 

At  extremely  low  temperatures,  with  the  generating 
system  cold,  it  will  require  about  two  to  three  minutes 
to  start  the  car,  but  from  the  time  it  begins  to  move, 
smooth,  even  power  is  had,  and  there  is  not  from  five  to 
ten  minutes  of  bad  running  as  is  the  case,  until  the 
engine  warms  up,  in  a  gasoline  car. 

One  filling  of  the  water  tank,  holding  25  gal.,  will 
suffice  under  ordinary  conditions  for  upwards  of  2500 
miles  of  running.  One  filling  of  the  25  gal.  kerosene 
tank  insures  from  250  to  260  miles  of  travel. 
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The  simplicity  of  construction  and  operation  of  the 
present-day  steam  car  makes  the  predominant  features 
of  electrically-controlled  steam  most  apparent.  The  au- 
tomatic controls  are  so.  simple  in  construction  and  so 
positive  in  action  that  almost  no  attention  need  be  given 
to  them. 

The  moving  parts  in  the  steam-car  mechanism  are 
about  one-half  the  number  required  in  a  six-cylinder 
gasoline  car.  That  means  less  worry  and  less  expense 
for  upkeep. 


Blower,  Motor  and  Cross-Section  op  Fuei^  Nozzles 

The  starting  nozzle  is  forward  and  the  two  running  nozzles  are  side 

by  side  slightly  behind  the  starting  nozzle 

These  accomplishments  have  been  the  result  of  ex- 
haustive experiments  to  determine  the  most  efficient  and 
niost  adaptable  type  of  boiler  to  use.  I  was  able  to  profft 
by  the  experience  of  others  who  had  already  done  a  great 
deal  of  good  work  toward  perfecting  the  application  of 
the  flash  and  flre-tube  types  of  boilers. 

Six  years  were  spent  in  building  and  testing  experi- 
mental steam  powerplants,  which  resulted,  late  in  1913, 
in  trying  the  combination  of  a  water-level  type  of  boiler 
with  a  honeycomb  radiator  to  condense  the  exhaust 
steam.  The  theory  was  that  in  order  to  obtain  the  neces- 
sary cooling  surface  this  type  of  radiator  furnished  the 
best  possibilities  for  obtaining  an  adequate  distance 
upon  one  supply  of  water.  The  results  were  most  grati- 
fying. The  car  would  run  from  1000  to  1500  miles  on 
24  gal.  of  water. 

The  honeycomb  radiator  furnishes  about  six  times 
the  cooling  surface  of  any  other  type  of  equal  size,  but 
the  selection  of  this  type  had  previously  been  deemed 
unwise  because  the  heavy  molasses-like  oil  used  in  steam 
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engines  clogged  up  the  extremely  small  radiator  pas- 
sages, and  the  exhaust  steam,  particularly  when  a  flash 
boiler  was  used,  was  liable  to  melt  the  soldered  joints  of 
the  radiator.  It  was  my  belief  that  the  use  of  a  heavy  oil 
was  not  essential. 

In  a  steam  automobile  little  lubrication  is  required  for 
the  cylinders,  as  the  piston  speed  is  low  at  ordinary 
driving  speeds,  and  the  surface  of  the  cylinder,  which 
is  of  cast  iron,  is  easy  to  lubricate. 

The  presence  of  moisture  in  the  steam  during  expan- 
sion goes  a  long  way  toward  the  proper  lubrication  of 
the  cylinders  and  valves.  The  cylinders  in  a  steam  car 
will  be  much  more  easily  lubricated  when  moist  steam 
is  used  for  the  driving  force  than  in  an  internal-com- 
bustion engine  when  hot  gases  furnish  an  explosive  im- 
pulse within  the  cylinders.  For  these  reasons  it  was 
determined  to  try  ordinary  gas-engine  cylinder  oil,  and 
from  the  first  it  proved  entirely  satisfactory. 

Development  of  a  Steam  Generator 

Attention  was  next  given  to  the  development  of  a 
satisfactory  steam  generator.  The  water-level  type  of 
boiler,  vhich  had  been  used  successfully  in  conjunction 
with  an  improved  condensing  system,  possesses  a  num . 
ber  of  the  essential  qualities  required;  it  holds  the  tem- 
perature of  the  steam  practically  constant  with  no  dan- 
ger of  exhaust  temperatures  sufficiently  high  to  melt 
soldered  joints  or  effect  an  undesirable  change  in  the 
lubricating  oil.  It  always  keeps  a  large  reserve  of  water 
heated  to  the  steam  temperature,  which  gives  it  steaming 
stability  and  admits  of  great  acceleration.  The  heat- 
transference  conditions  make  for  efficiency,  owing  to  the 
extremely  short  distance  through  which  the  gases  of 
combustion  radiate  their  heat  to  the  tube  walls. 

On  the  other  hand,  the  fire-tube  boiler  which  we  first 
tried  had  its  disadvantages;  it  was  heavy  and  costly  to 
manufacture,  since  it  had  to  be  wound  with  a  mile  of 
piano  wire  to  minimize  the  potential  danger  present  in 
a  large-diameter  shell.  It  was  liable  to  leaks,  which 
might  be  caused  even  by  overheating  with  low  water  or 
by  oil  working  through  the  expanded  joints  where  the 
tubes  were  fastened  into  the  heads. 

The  flash  type  of  boiler  was  out  of  the  question,  but 
it  had  certain  good  qualities.  The  direction  of  the  water 
flow  opposite  to  the  flow  of  the  gases  of  combustion  was 
a  great  advantage,  in  that  it  allowed  the  water  to  ex- 
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tract,  so  far  as  possible,  the  last  remaining  thermal 
units. 

The  long  period  of  experimentation  has  resulted  in 
our  present  steam  generating  system,  which  is  similar 
in  theory  to  the  flash  boiler,  yet  in  appearance  is  more 


Water  Level  Regulator 

When  tube  is  filled  with  water,  needle-valve  opens  owing  to  contruc- 
tion  of  tube;  water  from  pumps  is  by-passed  to  water  tank 

like  the  water-tube  boiler,  having  a  water  level  in  the 
evaporating  zone.  It  consists  of  twenty-six  sections 
placed  in  a  planished  steel  casing  insulated  with  kiesel- 
guhr.  Each  section  is  made  of  cold  drawn  seamless 
steel  tubing  of  %-in.  diameter.  No.  16  gage  metal. 
Twenty  of  these  sections  are  used  for  the  generation  of 
steam,  and  the  remaining  six  are  the  preheating,  or 
•economizer  sections.  The  generating  sections  consist  of 
twenty  vertical  tubes  connected  top  and  bottom  by  hori- 
zontal headers.  The  vertical  tubes  are  swaged  at  both 
ends  to  about  three-eighths  of  an  inch,  and  are  welded 
into  the  horizontal  headers  by  the  autogenous  acetylene 
process,  thereby  making  the  section  in  effect  one  piece 
of  steel  and  actually  stronger  at  the  welded  joints  than 
in  the  tubing  itself.    The  six  economizer  sections  are  like, 
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the  generating  sections,  except  that  they  have  sixteen 
vertical  tubes  in  place  of  twenty. 

The  generator  is  designed  for  a  vyrorking  pressure 
of  600  lb.,  and  the  safety  valve  is  set  for  1000  lb. ;  each 
section  is  tested  to  withstand  5000  lb.  pressure.  When 
sections  have  been  subjected  to  a.  destructive  test  in  lab- 
oratory experiments,  observations  have  shown  that  rup- 
ture of  a  tube  occurs  only  at  cold  water  pressures  rang- 
ing from  8000  to  9500  lb.,  and  that  when  a  rupture  does 
occur  it  is  invariably  at  a  point  remote  from  the  welds. 

Directly  below  the  generating  sections  is  the  com- 
bustion chamber,  and  below  the  economizer  is  the  ex- 
haust for  the  gases  of  combustion.  A  bridge  wall  of 
kieselguhr  divides  the  two  sets  of  sections.  A  mani- 
fold, through  which  water  enters,  connects  the  lower 
headers  of  the  economizer  sections.  The  water  leaves 
by  a  similar  manifold  at  the  top  and  is  led  to  a  manifold 
connecting  the  lower  headers  of  the  evaporating  sec- 
tions. The  steam  leaves  the  upper  headers  and  is  con- 
ducted through  a  fourth  manifold  to  the  throttle  valve. 

Besides  being  absolutely  free  from  any  danger  of  ex- 
plosion a  boiler  of  this  construction  can  be  manufactured 
cheaply,  and  any  damaged  section  can  either  be  easily  and 
cheaply  replaced,  or  be  isolated  in  a  few  minutes  by 
blanking  it  off  until  it  can  be  replaced.  The  excellent 
heat  transference  conditions  due  to  the  close  and  regular 
heating  surfaces  virtually  duplicate  those  of  a  fire-tube 
boiler,  while  a  large  reserve  of  water  close  to. steam 
temperature  is  always  present.  The  flow  of  the  water 
counter  to  that  of  the  gases,  with  no  circulatory  flow, 
and  the  all-steel  construction  show  a  distinct  similarity 
to  the  flash  type.  Water  is  supplied  to  the  boiler  by  a 
crank-driven  pump,  and  the  water  level  maintained  about 
half  way  up  the  generator  by  an  automatic  regulator. 
If  the  water  level  falls  below  normal  the  regulator  tube 
will  fill  with  steam,  the  expansion  of  which  closes  a  by- 
pass valve,  thereby  allowing  water  from  the  pump  to 
enter  the  boiler.  As  soon  as  the  level  reaches  normal, 
the  regulator  tube  fills,  through  an  outside  pipe,  with 
water  which  has  not  been  in  circulation  in  the  generator, 
and  is  therefore  comparatively  cool.  The  regulator  tube 
at  once  contracts,  permitting  the  valve  to  open  and  all 
water  to  be  by-passed  back  to  the  supply  tank. 

We  now  come  to  the  two  most  important  factors  in  the 
perfection  of  operation  of  a  steam  automobile: 

1  The  ignition  system,  which  permits  the  driver, 
seated  at  the  steering  wheel,  to  cause  the  lighting  of  the 
fire  in  the  boiler  by  the  turning  of  an  electric  switch. 
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2  The  small  combustion  chamber,  in  which  enough 
fuel  can  be  consumed  to  supply  the  requisite  number  of 
heat  units  to  generate  and  maintain  a  sufficient  steam 
pressure  at  all  times  for  driving  the  engine  under  what- 
ever road  conditions  may  be  met. 

Ignition  System 

In  order  to  start  the  car,  it  is  necessary  to  have  4  lb. 
air  pressure  on  the  fuel  tank;  kerosene  is  then  delivered 
to  the  float  chamber,  which  is  located  alongside  the 
spray  nozzles  in  the  venturi  tubes  of  the  blower.  This 
4-lb.  air  pressure  is  obtained  first  by  means  of  a  hand 
pump  on  the  instrument  board,  but  when  the  car  is  run- 
ning, it  is  maintained  by  a  small  air-pressure  pump 
operated  by  a  cam  on  the  rear-axle  shaft.  The  storage 
battery  is  charged  by  a  generator  driven  through  a  gear 
on  the  axle  shaft. 

When  the  switch  on  the  steering  column  is  closed,  the 
current  passing  through  a  solenoid  starting  valve  starts 
the  blower  motor.    The  blower,  revolving  at  about  2800 
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r.p.m.y  creates  a  forced  draft  which  by  aspiration  feeds 
the  kerosene  from  a  float  chamber  with  a  proper  mixture 
of  air  through  what  are  termed  the  two  running  nozzles. 
At  the  same  time  that  the  blower  is  started  by  the  cur- 
rent passing  through  the  solenoid,  the  latter  magnetizes 
and  raises  a  small  valve  which  releases  air  under  4-lb. 
pressure  from  a'  small  auxiliary  air  tank  connected  with 
the  solenoid  valve.  This  charge  of  air  rushes  to  a  start- 
ing nozzle  located  between  the  two  running  nozzles,  as- 
pirating kerosene  through  the  starting  nozzle  with  a 
rich  mixture  of  air. 

Directly  in  front  of  the  starting  nozzle  is  a  spark- 
plug. At  the  time  the  air  pressure  is  released  through 
the  solenoid  valve,  \t  acts  on  a  diaphragm  in  the  solenoid 
and  makes  an  electric  contact  with  a  spark  coil  so  that 
simultaneously  as  air  and  kerosene  are  passed  through 
the  starting  nozzle  in  an  atomized  condition,  the  spark 
ignites  the  rich  mixture,  and  this  primary  flame  ignites 
the  lean  mixture  which  is  being  fed  by  the  blower 
through  the  running  nozzles. 

The  duration  of  the  primary  flame  at  the  starting 
nozzle  and  the  duration  of  the  spark  are  governed  by 
the  time  required  to  exhaust  the  air  supply  in  the  auxil- 
iary air  tank  at  the  solenoid.  This  is  about  one  and 
one-half  seconds. 

But  the  motor  is  still  driving  the  blower  so  that  the 
fuel  through  the  running  nozzles  which  has  been  ignited 
by  the  flame  of  the  starting  nozzle  continues  to  bum  in 
the  combustion  chamber. 

By  a  simple  automatic  regulator,  the  current  to  the 
motor  is  shut  off  when  the  steam  pressure  has  reached 
600  lb.,  and  the  fire  goes  out  in  the  combustion  chamber. 
At  the  same  time,  the  auxiliary  air  tank  is  recharged  by 
the  solenoid  valve  dropping  to  its  seat  due  to  the  break- 
ing of  the  current,  so  that  the  system  is  ready  to  repeat 
the  starting  operation  which  is  now  being  controlled  by 
the  steam  pressure  regulator,.  When  the  steam  pressure 
drops  to  about  550  lb.,  contact  through  the  solenoid  is 
made  again,  and  the  fire  is  lighted.  This  requires  no  at- 
tention on  the  part^of.  the  driver  and  the  fire  continues 
to  go  on  and  off  according  to  the  steam  pressure,  so  long 
as  the  switch  on  the  steering  column  is  closed.  Driving 
over  ordinarily  level  roads,  the  fire  will  be  on  about 
one-third  of  the^ime: 

Many  difficulties  presented  themselves  in  working  out 
the  details  of  this  method  of  ignition.  At  the  outset 
it  was  demonstrated  that  if  a  mixture  of  sprayed  kero- 
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sene  and  air  was  formed  into  which  a  sufficient  amount 
of  air  was  injected  to  insure  a  complete  combustion  of 
the  mixture,  it  could  not  be  ignited  by  the  small  flame 
produced  by  an  electric  spark. 

In  order  that  the  entire  system  respond  to  the  clos- 
ing of  a  switch  on  the  steering  column  it  was  essen- 
tial, of  course,  that  ignition  of  the  fuel  should  take  place 
from  an  electric  spark.  It  was  discovered  that  a  flame 
of  considerable  proportion  was  necessary  to  ignite  the 


Combustion  Chamber  Showinp  the  Venturi  Tubes 
Starting  nozzle  in  center  tube,  two  running  nozzles  in  outer  tubes 

lean,  rarefied  mixture  necessary  for  complete  combus- 
tion. After  finding  that  this  could 'not  be  ignited  by  an 
electric  spark,  it  was  necessary  to  invent '-some  other 
device  for  accomplishing  the  purpose.  Experiments  then 
led  to  the  discovery  that  if  a  mixture  of -fi^rayed  kerosene 
and  air  was  formed  in  which  there  was  an  excess  amount 
of  liquid  fuel,  this  rich  mixture  could  be  ignited  by  an 
electric  spark.  Therefore,  it  was  arranged  to  use  three 
spray  nozzles.  The  center  or  starting  nozzle  was  placed 
between  the  two.  running  nozzles  and  slightly  ahead  of 
them,  so  that  as  the  rich  mixture  in  the  starting  nozzle 
was  ignited  the  lean  mixture  being  fed  past  the  flame 
of  the  starting  nozzle  at  high  velocity  would  become  ig- 
nited and  continue  to  burn  in  the  combustion  chamber. 
Of  the  many  problems  met  in  securing  the  necessarj*^ 
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conditions,  the  most  important  was  to  avoid  vaporizing 
or  gasifying  the  liquid  fuel  used  in  the  combustion 
chamber  for  the  generation  of  steam.  In  all  former 
attempts  to  bum  liquid  fuel,  the  vaporizing  process  was 
employed;   in   this  a  gas   flame  was   produced  which 
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could  readily  and  easily  be  confined  in  the  limited  space 
available  for  the  fire-box  of  an.  automobile  boiler.  To 
convert  kerosene  fuel  into  a  gas  necessitated  the  use  of 
pilot  burners  or  preheating  devices  that  required  con- 
siderable time  to  acquire  a  sufiicient  temperature  before 
the  gas  flame  was  available.    With  devices  of  this  na- 


Digitized  by  VjOOQIC 


ELBCTRIGALLY-CONTROLLED  STEAM  AUTOMOBILES         861 

ture,  it  has  not  been  possible  to  construct  a  steam  car 
in  which  the  operator  can  sit  at  the  steerinsr  wheel, 
close  a  switch  and  move  off  with  that'  degree  of  prompt- 
ness that  has  been  made  possible  in  the  most  highly 
developed  gasoline  cars. 

The  space  available  for  the  combustion  chamber  or 
firebox,  of  a  steam  boiler  is  limited  in  a  steam-driven 
automobile — so  limited,  in  fact,  that  without  changing 
the  conventional  lines  of  the  modem  automobile  hoods,  a 
fire-box  20  in.  square  and  8  in.  deep  was  as  large  as 
could  be  employed. 

It  is  well  known  that  if  the  fiames  from  burning  fuel 
be  permitted  in  contact  with  the  fines  or  water  tubes  of  a 
boiler,  the  products  of  combustion  will  readily  form 
smoke  and  soot,  and  that  the  tubes  will  soon* become 
so  heavily  coated  as  to  reduce  materially  the  evaporating 
capacity  of  the  boiler. 

When  oxygen  in  the  form  of  air  is  supplied  with  the 
atomized  liquid  fuel,  sufficient  not  only  to  support  com- 
plete combustion,  but  also  to  produce  a  temperature 
high  enough  to  insure  ample  steam  pressure  under  all 
possible  demands,  an  immense  body  of  fiame' results. 

The  main  problem,  therefore,  was  to  construct  a  fire- 
box of  such  shape  that  the  sprayed  fuel  and  air  could 
be  injected  into  it  and  the  fiaming  combustible  be  re- 
tained within  the  limits  of  the  combustion  chamber  and 
yet  not  come  in  direct  contact  with  the  water  tubes  of 
the  boiler. 

The  method  of  burning  the  fuel  consists  in  projecting 
a  stream  of  sprayed  kerosene  and  air  in  sufficient  pro- 
portion to  support  complete  combustion  and  with  such 
force  as  to  compel  the  stream  to  remain  in  a  horizontal 
plane.  The  stream  is  doubled  upon  itself  in  a  hori-. 
zontal  plane  to  confine  it  in  parallel  planes  until  combus- 
tion is  complete. 

This  has  been  accomplished  by  arranging  the  shape  of 
the  combustion  chamber  so  that  the  fire  is  almost  com- 
pletely confined  in  the  fire-box  and  does  not  come  into  di- 
rect contact  with  the  boiler  tubes. 

Construction  or  the  Engine 

The  engine  is  exceedingly  simple  and  contains  but 
11  moving  units.  The  dimensions  of  all  the  working 
parts  are  ample  to  insure  uninterrupted  service  under 
maximum  conditions  of  load.  The  engine  is  5-in.  bore, 
4-in.  stroke,  of  the  two-cylinder,  single  expansion,  double 
action  tsrpe.  The  unafiow  principle  is  employed  in  order 
to  provide  the  high  expansion  desirable,  with  a  noiseless 
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valve  gear  and  only  one  valve  per  cylinder.  The  valve 
takes  care  of  the  steam  inlet,  while  the  exhaust  passes  out 
through  ports  uncovered  by  the  piston  at  the  end  of  the 
stroke.  It  is  thus  possible  to  secure  cut-off  at  8/16  of 
the  stroke.  This  cut-off  is  used  for  all  ordinary  running, 
and  operates  with  perfect  accuracy  on  either  stroke  of 
the  piston.  For  starting  or  heavy  pulling  a  cut-off  is 
used  at  three-fourths  of  the  stroke. 

Since  the  thermal  conditions  in  the  unaflow  cylinder 
are  practically  ideal,  it  is  unnecessary  to  use  superheated 
steam,  but  it  is  desirable  because  it  reduces  the  weight 
which  must  be  condensed.  The  slide  valves  are  on  top 
of  the  cylinder,  and  are  each  made  in  two  pieces  so  that 
in  slow  running  they  can  be  lifted  whenever  the  com- 
pression exceeds  the  steam-chest  pressure.  This  makes 
the  engine  run  smoothly  at  all  speeds,  and  also  allows 
a  high  compression  at  higher  speeds  and  steam-chest 
pressures. 

The  valves  are  actuated  by  a  specially  designed  valve 
gear,  which  dispenses  with  the  need  for  eccentrics,  thus 
making  a  one-piece  crankshaft  possible.  This  gear  gives 
an  excellent  steam  distribution,  and  also  reverses  the 
engine  without  additional  devices.  It  is  a  simplified 
form  of  the  Joy  valve  gear,  from  which  the  correcting 
and  anchor  links  have  been  eliminated.  The  rocker 
guide  is  straight  instead  of  curved. 

The  piston  rod  passes  through  a  specially  designed 
gland,  which  is  made  in  such  a  manner  that  no  steam 
can  blQW  by  it.  On  account  of  the  long  bearing  surface 
there  is  practically  no  wear,  and  repacking  is  rarely  re- 
quired. 

The  crankcase  is  an  aluminum  casting,  and  contains 
'the  moving  parts  of  the  engine,  except  the  pistons  and 
valves.  The  differential  is  also  contained  in  the  crank- 
case,  and  the  taper-tubes  of  the  axle  bolt  directly  to  it, 
thus  making  the  engine  and  rear  axle  one  unit. 

The  forward  end  of  the  engine  is  suspended  from  a 
cross-member  of  the  frame  by  a  flexible  steel  strap. 

The  crankshaft,  differential  and  big-end  connecting- 
rod  bearings  are  annular  roller  and  are  of  such  propor- 
tions that  no  wear  can  occur  during  the  natural  life  of 
the  car.  All  of  the  other  bearings,  such  as  the  wrist- 
pin  and  valve-gear  bearings,  are  hardened  steel,  running 
in  hardened  steel  bushings. 

The  power  is  transmitted  to  the  rear  axle  by  means 
of  two  large  spur  gears,  a  42-tooth  gear  on  the  engine 
crankshaft  and  a  54-tooth  gear  on  the  differential.    The 
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engine  has  more  power  than  is  needed  to  spin  the  wheels 
on  dry  pavement,  while  the  car  is  held  stationary. 

Method  of  Lubrication 

Gas  engine  cylinder  oil  is  supplied  to  the  crankcase  of 
the  engine.  This  is  splashed  by  the  crankshaft  and  main  < 
driving  gears  and  lubricates  the  working  parts  of  the 
engine.  By  means  of  a  small  oil  feed-pump,  the  oil  from 
the  crankcase  is  also  delivered  to  the  steam  chest  of  the 
engine,  lubricating  the  valve  seats,  valve  stems  and  cyl- 
inders. This  lubricator  is  set  to  feed  one  gallon  for  each 
5000  miles. 

Passing  through  with  the  exhaust  steam  from  the 
engine  a  small  quantity  of  oil  continuously  finds  its  way 
to  the  water  supply  tank  and  is  fed  with  the  water  into 
the  boiler.  The  oil  is  accordingly  regularly  pumped  into 
the  boiler  along  with  the  water,  and  far  from  having  a 
deleterious  effect,  really  performs  its  most  valuable  func- 
tions in  that  part  of  the  powerplant.  This  oil  is  very 
thin  at  490  deg.  fahr.,  the  approximate  steam  tempera- 
ture at  600  lb.  pressure,  and  the  coating  of  oil  which 
fot-ms  over  the  entire  inner  surface  of  the  boiler,  is 
consequently  so  thin  as  to  have  a  negligible  effect  upon 
the  heat  transference. 

As  scale  does  not  adhere  to  a  surface  coated  with  oil, 
the  interior  of  the  boiler  remains  entirely  free  from 
incrustations  of  scale  matter,  and  is  likewise  thoroughly 
protected  from  corrosion.  The  second  function  of  the 
oil  is  to  coat  each  particle  of  scale-forming  material  as 
it  is  thrown  out  of  solution,  thus  preventing  one  particle 
from  sticking  to  another  in  such  a  way  as  to  form  a  body 
of  sufficient  size  to  clog  some  restricted  passage.  No 
large  amount  of  scale-forming  material  is  introduced 
into  the  system  since  but  little  make-up  water  is  re- 
quired. The  violent  ebullition  and  constant  flow  of  the 
medium  toward  the  steam  outlet  causes  the  minute  par- 
ticles of  scale  to  be  carried  along  with  the  steam,  so  that 
the  boiler  and  radiator  are  both  kept  free  from  deposits. 
The  scale-forming  material  finally  reaches  the  water 
tank,  where  it  either  remains  or  continues  to  circulate 
through  .the  system  without  any  apparent  deleterious 
effect. 

I  have  carefully  examined  the'boiler  and  radiator  of  a 
car  driven  over  forty  thousand  miles,  and  they  were  as 
clean  as  or  cleaner  than  when  the  car  was  built.  I  do  not 
believe  that  there  could  be  more  convincing  proof  of  the 
entire  effectiveness  of  the  system. 
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Utilization  of  the  Exhaust  Steam 

The  exhaust  steam  is  carried  from  the  engine  to  a 
small,  low-pressure  steam  turbine  which  is  mounted  on 
the  front  of  the  boiler  casing.  The  condenser  fan  is  on 
the  shaft  of  the  turbine.  By  the  use  of  the  turbine,  a 
greatly  increased  efficiency  in  condensation  is  effected, 
as,  when  the  engine  is  working  the  hardest  on  grades  or 
heavy  roads,  the  turbine  will  be  driven  at  an  increased 
speed,  so  thai;  the  fan  will  draw  more  air  through  the 
condenser  at  the  time  it  is  most  needed,  regardless  of  the 
car  speed. 


Sectional  View  op  Steam  Pressure  Regulator  and  Low  Water 

CUT-OUT 

Advantages  of  Steam  Power 

Let  us  now  sum  up  the  advantages  of  steam  for 
driving  automobiles,  as  compared  with  the  internal  com- 
bustion engine.    These  are: 

1  Torque  range  of  100  per  cent  with  a  maximum 
torque  available  at  zero  speed;  change-gear  mechanisms 
and  clutch  therefore  unnecessary. 

2  Mean  effective  pressure  (and  equivalent  drawbar 
pull)  always  under  control  of  the  operator;  varied  by 
throttle  and  cut-off  from  zero  to  maximum,  the  maximum 
limited  only  by  the  tractive  capacity  of  the  rear  wheels. 

3  Utmost  mechanical  simplicity  with  a  small  number 
of  moving  units. 

4  Low  manufacturing  cost,  owing  to  simplicity  of 
construction  and  lack  of  "fussy"  work  in  production. 

5  Entire  absence  of  lubrication  troubles;  no  con- 
tamination of  crankcase  oil  by  kerosene,  gasoline,  water, 
road  dust  or  carbon. 

6  Low  fuel  cost  per  mile. 
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Performance  in  Actual  Practice 

The  following  tests  were  made  without  a  superheating 
coil.  It  is  my  opinion  that  on  our  present  boilers  with 
superheaters,  we  are  getting  at  least  20  per  cent  greater 
evaporation  without  priming  than  was  possible  on  the 
'earlier  boilers  with  which  these  data  were  taken. 


Total  tube  surface  in  boiler,  sq.  ft 143 

Total  tube  surface  in  economizer,  sq.  f t 84 

Total  tube  surface  in  boiler  and  economizer,  sq.  f t 177 

Total  water  surface  in  boiler,  sq.  ft 118 

Total  water  surface  in  economizer,  sq.  ft 25.1 


Total  water  surface  in  boiler  and  economizer,  sq.  f t 143.9 

Total  capacity  of  boiler,  cu.  ft *.■ 1.425 

Total  capacity  of  economizer,  cu.  ft 0.833 


Total  capacity  of  boiler  and  economizer,  cu.  ft 1.758 

Total  capacity  of  boiler  and  economizer,  gal « 10.8 

Total  capacity  of  boiler  and  economizer,   with  11   in.   water 

level   firal.  •.•...••...••.••• .......•••••        9. 

Total  weight  of  boiler  and  economizer  sections,  lb 450 

Actual  evaporation,  lb.  per  hr 630 

Equivalent  evaporation,  lb.  p^r  hr. 765 

Equivalent  evaporation,  per  lb.  of  kerosene,  lb 18.05 

Ekiuivalent  evaporation,  per  sq.  ft.  of  boiler  surface,  lb 7.38 

Equivalent  evaporation,  per  sq.  ft.  boiler  and  economizer,  lb. .    5.20 

Fuel  consumption,  lb.  per  min 0.687 

Temperature  of  steam  at  boiler,  deg.  fahr 515 

Superheat,   deg.   fahr 25 

Pressure,  lb.  gage 600 

Heating  surface  including  economizer,  sq.  ft 146.7 

Overall  efficiency,  per  cent 90 

Temperature  feed  water,  deg.  fahr 62 

Boiler  horsepower   22.25 

Temperature  flue  gas,  deg.  fahr 410 

Water  Conaumption  at  60  m.p.h. 

Volume  of  cylinder  =  19.6  X  4  =  78.4  cu.  in. 

Volume  at  3/16  cut-off.    3/16  X  78.4  =  14.65  cu..  in. 

Volume  per  revolution  for  two  cylinders  58.6  cu.  in. 

Volume  at  60  m.p.h.  or  740  r.p.m.  =  740  X  58.6  =  43,400  cu.  in.  = 

26.2  cu.  ft 
Steam  chest  pressure,  250  lb. 

Weight  1  cu.  ft  steam  @  250  lb.  pressure,  0.57  lb. 
25.2  X  0.57  =  14.3   lb.   water. 

Engine  Data 

Bore,  in 5 

Stroke,  in 4 

Unaflow.  double-acting,  two-cylinder,  Doble  valve  gear  cut- 
off  3/16;   %;   % 

Qear  ratio  to  rear  axle 42  to  54 

General  Data 

Wheels,  in 35 

Tires,   in 5 

Wheels,  r.p.m % 576 

Engrine,  r.p.m 740 

Ratio  dynamo  speed  to  rear  axle  speed 9.48  to  1 

Ratio  dynamo  speed  to  engine  speed 7.33  to  1 

Rp.m.  at  30  m.p.h. — Wheels 288 

Rp.m.  at  30  m.p.h. — Engine 370 

Rp.m.  sCt  30  m.p.h. — Dynamo  L . .      1,712 
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Manufactubing  Advantages 

The  following  manufacturing  advantages  of  the  steam 
ear  are  greatly  in  its  favor: 

1  The  much  smaller  amount  of  material  required. 

2  The  small  number  and  simplicity  of  machining  op- 
erations. 

3  Minimum  investment  in  factory  and  equipment  in 
proportion  to  quantity  produced. 

4  Comparatively  small  number  of  parts  entering  into 
the  construction  of  the  powerplant. 

5  Comparatively  little  finished  stock  needed  for  ser- 
vice and  repairs. 

6  Ability  to  turn  capital  more  often  for  a  given  out- 
put of  complete  units. 

7  Minimum  of  accounting  and  inspection  costs  due  to 
small  number  and  simplicity  of  parts. 

8  Minimum  cost  of  individual  tests  of  component  parts 
and  the  final  test,  inspection  and  adjustment  of  the 
completed  car. 

9  Great  reduction  in  labor,  which,  with  the  present 
shortage,  is  of  paramount  importance. 


Cross-Sectional  View  of  Doblk  Boiler 
Steam  side  showing  economizer  sections  filled  with  water  and  gen- 
•rating  sections  filled  to  normal  water  level         * 
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THE  CASE  FOR  THE  STEAM  CAR 

By  John  Stumess* 

We  believe  we  can  best  serve  the  members  of  the  So- 
ciety by  answering  three  questions:  why  we  build  steam 
cars,  why  we  build  our  particular  type  of  car,  and  by 
what  process  we  have  eliminated  other  types.  While 
our  aims  and  activities  have  been  completely  lost  sight 
of  by  gas-car  builders,  we  have  naturally  been  fully  cog- 
nizant of  their  aims  and  activities,  as  was  unavoidable 
from  their  prominent  position. 

Why  We  Build  Steam  Cahs 
The  first  answer,  then,  to  the  question,  why  we  build 
steam  cars,  is,  because  we  have  seen  in  the  public  de- 
mands, and  in  efforts  to  meet  those  demands,  an  unmis- 
takable longing  for  a  performance  which  we,  knowing 
internal-explosive  cars  as  well  as  steam  cars,  believe 
steam  alone  can  give — an  ideal  performance,  to  reach 
which  steam  is  not  only  the  shortest,  but,  indeed,  the 
only  route. 

To  conceive  the  performance  which  public  and  manu- 
facturers alike  are  longing  for,  it  is  necessary  we  be- 
lieve to  abandon  the  standard  of  smoothness,  flexibility, 
range  of  power,  responsiveness,  sense  of  security  and 
command,  which  it  is  now  habitual  to  accept,  and  to  pic- 
ture a  standard  set  ift)on  a  far  higher  plane.  The  public 
wants  a  car  with  a  soft,  smooth,  gliding  motion,  without 
noise  or  vibration  at  any  speed;  without  clutch  or  gear- 
shift; without  overheating  in  the  summer  or  overcool- 
ing  in  the  winter;  with  the  «mallest  possible  number 
of  cylinders,  moving  parts  and  lubrication  diffkulties; 
with  no  possibility  of  stalling;  with  stored  power  built 
up  in  advance  and  replenished  as  fast  as  used,  ready  for 
instant  application  to  the  driving  wheels ;  with  ratio  of 
car  speed  to  engine  speed  always  constant ;  with  facilities 
to  apply  the  maximum  driving  effort  under  the  most 
adverse  conditions;  with  one-finger  control;  and  with 
kerosene  fuel. 

We  believe  that  the  true  measure  of  any  car  perform- 
ance can  be  classed  under  the  following  headings : 
Range  of  power,  , 

Smoothness  of  propulsion, 
Ease  of  control. 
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Its  desirability  is  further  to  be  measured  by  its 
Durability, 
Reliability,  and 

Reasonable  economy  of  operation. 
Our  contention  that  cars  having  steam  powerplants 
are  inherently  superior  to  those  having  internal-explo- 
sive powerplants  rests  on  the  foUoviring  statements: 

Range  of  Power 

The  general  terms  flexibility,  reserve  power,  hill-climb- 
ing power,  acceleration  and  speed,  cover  the  manifesta- 
tions of  the  first  quality,  range  of  power.  We  use  this 
term  in  a  wider  sense  than  range  of  horsepower,  for  the 
question  of  reverse  power  is  involved.  Horsepower  is 
measured  by  three  factors.  It  is  force  exerted  over  a 
given  distance  in  a  given  time.  Of  these  three  factors, 
force  only  is  what  the  motorist  has  in  mind  when  he 
speaks  of  reserve  power — ^the  driving  force.  This  is  the 
only  factor  which  he  can  control.  When  he  applies  this 
by  opening  the  throttle,  speed,  and  consequently  horse- 
power, may  or  may  not  result. 

Range  of  power,  therefore,  becomes  range  in  the  mag- 
nitude of  force  applicable  ^to  the  driving-wheels.  Re- 
serve power  becomes  the  difference  between  the  driving 
force  ordinarily  utilized  and  that  which  can  be  utilized 
at  any  moment.  Both  are  the  direct  result  of  range 
of  effective  cylinder  pressures,  with  given  gear  ratio  and 
piston  displacement.  One  of  the  prime  essentials  of 
comfortable  motoring  is  the  sense  of  security  from  the 
consciousness  of  reserve  power  that  may  be  instantly 
applied;  hence  he  will  compare  steam  and  gas  cars  in 
this  respect. 

Reserve  Power 

The  maximum  mean  effective  cylinder  pressure  in  the 
gas  car  averages  about  100  pounds.  The  steam  car  has  in 
reserve  cylinder  pressure  well  up  to  500  pounds.  Apply- 
ing gear  ratios  and  piston  displacements  to  both  types  to 
obtain  net  driving  effort  or  force,  we  will  compare  a 
SVs  by  5y8-in.  eight-cylinder  and  a  3  by  5-in.  twelve- 
cylinder  gas  car  with  a  4  by  5-in.  two-cylinder  steam 
car.  Gear  ratios  will  be  about  41/2  to  1  in  the  gas  cars 
and  IV2  to  1  in  the  steam  car. 

The  eight-cylinder  engine  will  have  a  piston  displace- 
ment (omitting  non-working  strokes)  of  77  cu.  in.  per 
foot  of  car  travel  and  the  twelve-cylinder  will  have  one 
*of  104  cu.  in.    The  steam  car  will  have  one  of  41.4  cu.  in. 
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Multiplying  these  values  by  the  maximum  effective  cylin- 
der pressure,  we  obtain  the  following  indices  of  driving 
force: 

Gas  car,  eight-cylinder  (SVg  x  Syg) 7,700 

Gas  car,  twelve-cylinder  (3x5) 10,400 

Steam  car,  two-cylinder  (4x5) 20,700 

From  this  it  will  be  seen  that  the  range  of  driving 
force,  and  consequently  the  reserve  power  in  the  steam 
car  are  greatly  in  excess  of  either  of  the  two  cars. 

The  above  calculations  with  gas  cars  are  based  on 
direct  drive  (high  gear)  because  the  accepted  standard 
of  their  performance  is  what  they  will  do  on  high  gear. 

Of  course,  the  gas-car  owner  can  shift  to  the  low  gear 
for  greater  power  at  reduced  speed.  But  every  time 
he  does  this  he  concedes  the  claim  that  the  steam  car  pos- 
sesses superiority  in  not  having  to  do  it;  moreover,  he 
himself  will  do  it  only  as  an  emergency  measure. 

The  gearshift  has  well  been  called  a  makeshift.  It  is 
a  most  unsatisfactory  solution  of  the  problem.  Every 
motorist  is  demandii\g  a  better  one,  and  every  manu- 
facturer is  trying  to  find  it.  The  fact  that  no  gearshift 
is  needed  with  a  steam  car  is  one  of  the  strongest  rea- 
sons why  we  build  such  cars. 

It  is  not  claimed  that  the  steam  car  can  maintain  the 
above  high  tractive  effort  indefinitely  at  high  speed.  Such 
would  not  be  necessary  under  any  road  condition  ever 
likely  to  be  encountered.  Its  temporary  availability  is 
all  that  is  desirable.  Even  with  400  lb.  mean  effective 
pressure  at  30  m.p.h.,  such  tractive  effort  would  amount 
to  80  hp.;  at  50  m.p.h.,  it  would  equal  130  hp.  This 
great  amount  of  power  is  available  for  as  long  a  period 
as  road  conditions  would  usually  permit  its  use. 

It  is  probably  true  that  many  stock  gas  cars,  includ- 
ing the  typical  cars  cited,  could  maintain  a  higher  rate 
of  speed  on  an  ideal  track,  say  on  Sheepshead  Bay  Speed- 
way. But  what  proportion  of  the  power. the  gas  car 
develops  on  the  track  is  available  on  the  road?  What 
is  the  value  to  the  motorist  of  a  triack  performance  which 
cannot  be  duplicated  on  the  road  he  is  going  to  use? 

It  is  not  that  steam  cars  cannot  be  built  to  meet  track 
conditions,  but  in  order  to  maintain  a  high  average 
road  speed,  with  acceleration  inconceivable  to  the  gas- 
car  driver,  the  steam  car  does  not  have  to  be  equipped 
with  a  powerplant  capable  of  producing  an  amount  of 
power  that  can   rarely   if  ever  be   used   continuously. 
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There  is  a  certain  subtlety  to  this  that  can  best  be 
realized  when  a  car  known  to  be  capable  of  say  75 
m.p.h.,  in  ordinary  road  going,  at  40  m.p.h.,  is  suddenly 


passed  by  a  steam  car  which  has  been  trailing  for  miles, 
the  steam  car  suddenly  shooting  ahead,  within  the  space 
of  a  few  rods,  at  the  rate  of  60  m.p.h.  or  more.  From  our 
experience  we  know  that  no  car  can  show  such  accelera- 
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tion  unless  it  is  capable  of  90  m.p.h.  at  least.  This  is 
what  misleads  many  people  to  think  that  the  Stanley  is 
the  fastest  car  in  the  world.  It  is  not,  by  any  means,  if 
we  mean  indefinitely  maintained  speed.  It  does  not  have 
to  be  to  meet  the  conditions  of  motoring  that  the  driver 
is  faced  with  every  day  and  wants  most  to  overcome. 

Smoothness  of  Propulsion 

This  range  of  power,  with  its  method  of  application,  by 
gearing  the  engine  directly  to  the  rear  axle,  which  in 
practice  would  be  impossible  in  the  gas  car,  results  in 
a  smoothness  of  propulsion  which  is  particularly  appar- 
ent at  moderate  speeds,  especially  during  heavy  going. 
It  arises  from  the  fact  that  two  double-acting  steam 
cylinders  produce  a  perfectly  uniform  continuous  turning 
moment  on  the  crankshaft. 

At  high  car  speeds  this  smoothness  is  also  gratifying. 
The  engine  speed  is  always  in  identical  ratio  with  the  car 
speed,  and  at  60  m.p.h.  the  engine  is  running  at  but  864 
r.p.m.,  with  3456  piston  reversals  a  minute,  compared  with 
say  2500  r.p.m.  and  40,000  piston  reversals  a  minute  in 
an  eight-cylinder  gas  car. 

Ease  of  Control 

In  steam  cars,  control  is  far  more  completely  centered 
in  the  single-throttle  lever  than  gas-car  control  is  cen- 
tered in  the  gasoline  throttle.  It  is  even  far  more  com- 
pletely centered  than  in  the  gas  throttle  plus  the  gear- 
shift; and  in  the  steam  car  the  gearshift  is  completely 
eliminated,  and  no  substitute  is«needed.  The  single  throt- 
tle-lever suffices  to  start  the  car  from  rest  and  to  control 
the  power  from  zero  to  500  per  cent  above  rating.  A 
few  inches  movement  of  one  lever  covers  the  entire 
range.  A  still  further  increase  in  power  is  obtained 
by  releasing  a  pedal,  but  this  is  only  needed  on  the 
rarest  occasions.  Reverse  is  effected  merely  by  pressing 
the  above-mentioned  pedal  forward,  if  desired,  while  the 
car  is  still  running  forward. 

Turning  to  the  mental  aspect  or  degree  of  driver's 
attention,  the  only  thing  the  steam  driver  is  cognizant 
of  is  the  speed  of  the  car.  Car  speed  and  steering  are 
all  he  has  to  think  of.  The  mechanism  of  the  car  can  be 
completely  dismissed  from  his  mind. 

The  gas-car  driver,  on  the  other  hand,  has  to  give  a 
certain  degree  of  attention  to  engine  speed,  to  the  extent 
of  almost  complete  absorption  when  starting,  or  in  heavy 
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traffic.  One  condition  governs  car  speed,  other  condi- 
tions govern  engine  speed.  The  driver  must  maintain 
a  mental  picture  of  both  so  as  to  be  alert  to  adjust  their 
relationship,  and  this  adjustment  involves  action  by  his 
two  feet  and  one  hand  or  one  foot  and  two  hands,  and 
he  must  do  it  at  once  or  he  is  too  late. 

Ease  of  Starting 

It  is  commonly  supposed  that  in  starting  the  steam 
car  is  at  a  great  disadvantage,  requiring  much  prepara- 
tion and  considerable  time.  This  is  a  very  erroneous  im- 
pression. A  true  comparison  of  the  preparedness  for 
instant  motion  of  steam  and  gas  cars  is  to  the  advantage 


Instrument  Board  and  Control  Dbyicbs 


A — ^Throttle 

C — Main  burner  control 
E> — Steam  g&ge 
G — Fuel  pressure  gage 
J — Reverse  pedal 
K — Foot  brake 


Li — ^Water  level  indicator 
M — Hand   bypass   valve 
N — Sight  electric  Indicator 
O — ^water  tank  ga^e 
P — ^Hom  button 
Q — Hand  pump  lever  stub 


of  thie  steam  car.  For  such  comparison  will  embrace  all 
starts  occurring  all  day  and  every  day,  not  simply  the 
individual  case  When  the  steam  car  is  cold,  this  consti- 
tuting not  5  per  cent  of  all  starts  made.  It  will  then 
be  apparent  that  the  normal  condition  of  the  steam  car 
is  one  of  readiness  for  instant  start,  even  before  the 
driver  has  taken  his  seat,  a  single  movement  of  the  throt- 
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tie  lever  being  all  that  is  needed.  This  is  true  for 
probably  95  per  cent  of  all  starts  made,  arising  from 
the  simple  fact  that  steam  is  up  all  such  time,  and  is  to  be 
contrasted  with  the  v^ell-known  sequence  of  operations 
in  starting  a  gas  car,  involving  time,  close  attention, 
dexterity,  and  not  infrequently  unpleasant  noise. 

Even  in  the  initial  daily  start,  after  the  car  has  been 
standing  for  a  considerable  time,  the  facility  of  starting 
is  hardly  less,  for  the  pilot  has  maintained  a  good  head 
of  steam,  and  it  is  necessary  to  open  up  the  main  burner 
only  a  moment  before  starting. 

It  is  only  when  steaming  up  from  cold,  which  need 
not  occur  once  in  several  weeks  if  the  pilot  is  kept  burn- 
ing (as  it  usually  is)  that  the  steam  car  may  be  behind 
the  gas  car  in  starting.  But  if,  as  in  most  cases,  the  time 
at  which  it  is  desired  to  start  can  be  anticijpated  by  6  to 
10  minutes,  and  the  burner  started  accordingly,  there 
need  be  no  delay.  It  is  true  it  used  to  be  a  somewhat  irk- 
some matter  to  set  the  burner  in  operation,  just  as  it  used 
to  be  even  more  irksome  to  crank  the  gas  car  by  hand; 
but  today  it  is  only  necessary  to  press  a  button  to  heat 
and  ignite  the  pilot,  and  then  open  the  main  burnet  valve. 
.  Steam  is  available  a  few  minutes  later. 

Cold-Weather  Starting 

The  foregoing  comparison  of  starting  facility  would 
not  be  complete  if  reference  were  not  made  to  winter 
conditions.  The  zero  morning  in  the  cold  garage  causes 
no  apprehension  to  the  steam  motorist.  There  is  no 
fear  that  he  may  have  a  ten-minute  fight  with  his  engine, 
nor  is  there  any  consequent  leaking  of  unwelcome  gaso- 
line into  a  crankcase.  The  long,  frigid  waits  at  the 
curb  are  perhaps  more  dreaded  by  the  gas-car  motorist 
than  anything  else.  Only  short  runs  are  made  in  cold 
weather,  with  long  stops.  Stored  heat  is  the  best  weapon 
to  fight  this  difficulty.  That  is  why  the  gas  motorist  is 
more  watchful  to  have  his  radiator  full  in  the  winter 
than  in  the  summer.  In  the  steam  car  there  is  a  greater 
volume  of  stored  heat,  and  it  is  better  distributed  than 
in  any  other  car.  The  steam  motorist  does  not  have 
to  enrobe  his  radiator  at  every  stop,  for  it  presents  no 
thin  sheet  of  water  to  the  air.  It  is  empty  the  minute 
the  car  stops. 

The  steam  car  does  not  freeze  for  the  same  reason 
that  the  building  provided  with  a  hot-water  heating  sys- 
tem does  not  freeze;  but  whereas  the  building  has  chill- 
ing windows,  all  susceptible  parts  of  the  car  are  heavily 
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clothed  with  insulation.  Consequently  the  small  pilot, 
always  burning,  maintains  the  heat.  If  there  is  objection 
to  long-continued  burning  of  the  pilot,  a  small  city  gas 
jet  with  hose  connection  to  the  burner  suffices,  and  costs 
little.  Finally,  the  water  in  the  boiler  can  be  drained 
with  little  effort,  or  even  be  permitted  to  freeze  solid  with 
but  slight  danger,  and  that  to  small  parts  only. 


Sbctionai.  View  of  Boiler 
A — Throttle  F — Boiler  tubes 

B — Outlet  to  superheater  G — Piano  wire 

C — Steam  outlet  from  boiler     H — ^Water  level 
D — Asbestos  covering  I — Main  burner  flame 

E: — Galvanized   iron  covering     J — Main  burner  mixing  tubes 

Durability  of  the  Steam  Car 

Deterioration  by  age  and  use  of  the  steam  powerplant 
does  not  appreciably  affect  car  performance.  In  other 
words,  it  is  more  enduring.  This  is  due  to  the  low- 
speed  engine,  completely  encased,  of  few  moving  parts; 
to  absence  of  dust  taken  into  the  cylinders  (char- 
acteristic of  all  internalnexplosive  engines) ;  to  simplicity 
of  the  direct  connection  to  driving  wheels,  without  the 
complicated  transmitting  devices  of  the  gas -car  clutch, 
jointed  shafts,  and  gear  boxes;  and,  in  fine,  the  less  sansi- 
tive  steam-power  cycle. 
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Durability  of  the  boiler  is  not  dependent  on  wear  in 
the  ordinary  sense,  for  it  has  no  moving  parts.  At  the 
same  time,  deterioration  naturally  occurs.  The  normal 
life  of  a  boiler  is  from  four  to  five  years.  Replacement 
does  not,  therefore,  result  in  an  appreciable  annual  re- 
pair charge,  especially  in  view  of  the  low  cost  of  other 
repairs. 

Examples  of  Reliability 

In  respect  to  accidental  derangements,  the  consequences 
of  such,  and  ease  in  effecting  correction,  the  steam  car 
again  is  superior.  Local  failures  may  lame  the  car,  but 
rarely,  if  ever,  halt  it.  It  can  always  get  home,  even  if  it 
has  to  limp  a  bit.  Steam  cars  have  been  driven  home 
comfortably  on  one  cylinder,  the  other  having  a  broken 
connecting-rod,  without  stopping  to  make  repairs.  En- 
gine parts  have  worn  half  an  inch  (through  long-neglected 
lubrication)  and  the  driver  hardly  knew  it.  Boilers  may 
start  to  leak,  but  the  car  can  still  be  run  hundreds  of 
miles  before  the  leak  is  likely  to  become  serious. 

Automatic  features  may  conceivably  fail,  but  the  driver 
can  still  operate  under  hand  control.  The  fuel  tank 
may  become  unexpectedly  empty,  but  there  is  no  dying 
gasp  without  notice.  The  steam  car  can  run  several 
miles  without  fuel  by  drawing  on  the  stored  power,  and 
kerosene  (the  fuel)  can  usually  be  obtained  within  that 
distance.  The  radiator  may  leak  faster  than  it  can  be 
filled,  but  the  steam  car  cares  nothing  for  that;  it  enjoys 
an  empty  radiator.  The  battery  may  give  out,  but  that 
does  not  affect  the  powerplant.  The  feed  pumps  may 
conceivably  fail,  but  the  supplementary  hand  pump  may 
be  used  in  such  emergency. 

Advantages 

It  will  now  be  well  to  state  why  the  essential  features 
of  our  burner,  boiler  and  engine  have  been  adopted. 

Burner — ^We  use  the  vaporizer  system,  the  fuel  being 
vaporized  by  heat  and  burned  on  the  bunsen-bumer  prin-' 
ciple.  We  do  so  because  we  consider  it  outclasses  other 
systems  in  respect  to  weight,  space,  stability,  security, 
automatic  regulation,  the  conservation  of  stored  power, 
simplicity  of  apparatus  and  starting  facility. 

Minimum  weight  results  from  the  burner  comprising 
only; a  vaporizer  tube  with  nozzles,  mixing  tubes  and 
bujiier  chamber,  the  total  weight  of  these  parts  being 
65  pounds. 
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Minimum  space  results  from  the  short  flame  len^rth  and 
intensity  of  combustion. 

Stability  results  from  the  fixed  conditions,  owing  to 
absence  of  all  moving  parts. 

Security  results  from  the  closed  combustion  chamber 
and  small  amount  of  fuel  contained  within  the  burner 
at  any  one  time. 

Automatic  regulation  is  facilitated  by  the  ease  of  con- 
trolling the  rate  of  combustion. 

With  regard  to  the  last  claim,  starting  facility,  we 
refer  to  ease  of  starting  the  burner,  not  the  car,  for, 
as  already  explained,  the  burner  does  not  have  to  be 
started  once  in  a  hundred  times  that  the  car  is  started, 
owing  to  the  steam  pressure  continuously  maintained 
by  the  pilot.  But  on  those  few  occasions  the  burner 
is  started  by  simply  pressing  an  electric  button. 

Boiler — ^We  have  adopted  the  fire-tube  drum  type  of 
boiler,  because  we  believe  it  satisfies  the  requirements  of 
•stored  power,  ample  steaming  capacity,  large  disengaging 
surface,  dry  steam  qualities,  positive  control,  «small  size 
and  weight,  endurance,  constructional  facility  and  abso- 
lute safety. 

Its  great  stored  power  results  from  its  large  water 
content,  maintained  at  full  temperature.  It  contains  60 
lb.,  which  at  its  temperature  of  nearly  500  deg.  fahr. 
represents  1,500,000  ft.  lb.  of  available  energy. 

Its  ample  steaming  capacity  results  from  its  104  sq.  ft. 
of  heating  surface,  afforded  by  750  half -inch  tubes. 

Its  large  disengaging  surface  results  from  its  large 
diameter  and  shallow  depth — 2  sq.  ft.  to  disengage  the 
steam  generated  in  8-in.  depth. 

Its  dry  steam  qualities  result  from  this  disengaging 
surface,  the  liberal  steam  space,  the  high  pressure,  and 
the  drying  effect  of  the  fire  tubes  within  the  steam 
space. 

Positive  control  results  from  the  definite  water  level 
and  large  water  content. 

Its  small  size  results  from  the  absence  of  idle  space. 
.  It  is  but  23  in.  diameter  and  14  in.  deep. 

Endurance  results  from  its  simplicity  of  design,  sub- 
stantial proportions,  and  low  intensity  of  action. 

Constructional  facility  results  from  standardized  and 
familiar  manufacturing  processes  employed. 

Absolute  safety  results  from  the  fact  that  the  boiler 
simply  cannot  explode  or  even  rupture,  with  any  dan- 
gerous result.  Long  before  the  ultimate  strength  of 
the  wire-wound  shell  is  approached  the  small  tubes  col- 
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lapse  in  such  a  manner  that  the  escape  of  steam  is 
shielded,  and  rendered  sufficiently  gradual  to  obviate  all 
danger. 

Engine — We  use  a  two  cylinder,  double-acting,  slide- 
valve  engine,  4  by  5  in.,  with  Stephenson  link  valve  mo- 
tion, straight  crankshaft  carried  in  large  roller  bearings, 
overhung  single-web  cranks  at  90  deg.;  and  roller  bear- 
ings on  crankpins.  The  engine  is  permanently  geared  to 
the  rear  axle,  without  clutch  or  transmission,  the  gears 
being  plain  spurs  of  large  diameter  set  in  the  center  of 
the  crankshaft,  between  the  bearings.  The  gear  ratio 
is  such  that  there  are  one  and  one-half  turns  of  the  en- 
gine to  one  turn  of  the  driving-wheels. 

The  prevailing  pressure  is  between  100  and  200  lb. 
per  sq.  in.,  but  may  easily  be  run  up  to  double  this,  or 
even  to  full  boiler  pressure  for  rare  emergencies.  Nor- 
mal cut-off  is  at  %  stroke,  but  may  be  changed  at  will 
to  %  stroke.  The  range  of  tractive  effort  resulting  from 
this,  notwithstanding  the  low  gear  ratio  and  two  cylin- 


Two-Cylinder  Stanlbt  Stsam   Engine 
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ders,  is,  as  already  stated,  double  that  of  the  averagre 
high-power  gas  car. 

The  engine  weighs  265  pounds.  A  stock  engine  under 
test-block  run  has  frequently  operated  with  a  steam  con- 
sumption of  16  to  17  lb.  per  hp.  hr.,  a  remarkable  result 
from  so  small  an  engine. 

Such  an  engine  combines  all  conceivable  requisites  of 
smoothness,  great  power  range,  uniform  turning  effort, 
few  moving  parts,  light  weight,  long  life,  economic  oper- 
ation and  rugged  simplicity. 


Sbctional  Vdbw  of  Ctundkrs  and  Stbajc  Chbst 

Elimination  of  Otheb  Designs 

Other  designs  of  engines  have  been  eliminated  by  keep- 
ing in  view  the  basic  requirements  enumerated,  and 
checking  deductions  by  repeated  tests  on  alternative  de- 
signs. 

With  burners,  the  system  using  air,  steam,  and  me- 
chanical means  for  atomizing  the  fuel  has  been  ex- 
tensively experimented  upon,  but  according  to  our  ex- 
perience does  not  satisfy  all  the  requirements  of  auto- 
mobile needs  as  well  as  has  the  vaporizer  system.  An 
intense  combustion  is  obtainable,  but  in  respect  to  weight, 
size,  simplicity  and  ease  of  control,  stability  and  main- 
tenance of  stored  power  when  the  car  is  standing  as  well 
as  in  numerous  practical  difficulties,  the  atomization  sys- 
tem has  not,  thus  far,  matched  up  to  the  vaporizer  system 
we  employ.  The  atomizer  requires  either  a  steam  jet 
or  considerable  additional  apparatus,  such  as  power- 
driven  blowers.  The  burner  must  be  repeatedly  ex- 
tinguished and  re-lighted  in  the  process  of  regulating 
steam  pressure,  and  maintain  this  pressure  when  the 
car  is  standing;  this  involves  starting  up  the  power- 
driven  blower  and  electrically  igniting  the  gases,  obvi- 
iously  an  undesirable  condition  while  the  car  is  unat- 
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tended.  This  is  not  to  be  compared,  in  point  of  safety, 
with  the  maintenance  of  a  small,  continuously  burning 
pilot,  and  a  graded  combustion  of  the  main  burner. 

The  flash-type  boiler  has  not  been  thought  worthy  of 
serious  consideration,  its  sole  claims  being  that  it  will 
steam  up  quickly  and  that  its  thermal  efficiency  is  good. 
It  completely  lacks  the  prime  essential  of  stored  power, 
and  its  control  is  complicated  and  highly  uncertain,  in 
that  both  temperature  and  pressure  have  to  be  regu- 
lated. 

The  water-tube  type  may  be  regarded  as  a  compromise 
between  the  flash  and  drum  types.  Its  principal  claim  is 
that  steam  can  be  raised  quickly,  owing  to  small  water 
content,  but  this  obviously  sacrifices  the  paramount  ad- 
vantages of  stored  power  and  overload  ability,  which  are 
directly  proportional  to  water  content.  The  pilot  and  va- 
porizer system  pf  combustion  maintains  steam  pressure 
at  practically  all  times,  and  the  occasions  whan  cu'ck 
steam  raising  would  be  beneficial  are  so  few  as  to  render 
this  nominal  benefit  of  no  practical  advantage.  In  99 
out  of  100  cases  the  car  with  a  drum-type  boihr  and 
pilot  would  be  far  down  the  road  before  the  car  with 
the  water-tube  boiler  without  pilot  would  have  got  up 
steam,  although  in  the  one  case  in  a  hundred  the  latter 
might  be  a  few  moments  ahead. 

The  water-tube  type  is  more  difficult  to  control  as  re- 
gards water-level;  in  fact  thus  far  it  has  not  been  satis- 
factorily controlled  in  th's  respect  at  all.  Furthermore, 
ths  contrcl  problem  involves  more  complication,  which  is 
undesirable.  Water-level  and  circulation  are  quite  un- 
certain owing  to  weakness  of  the  parallel  circuhtion  and 
its  tendency  to  reverse,  resulting  in  the  so-called  "geyser 
effect"  and  danger  of  burning  the  tubes. 

A  refractory  lining  is  necessary  in  the  casing  of  the 
water-tube  boiler,  which,  while  a  minor  objection,  still 
constitutes  an  additional  problem,  especially  when  di- 
mensions and  weight  are  reduced  to  the  extent  they 
must  be  to  suit  automobile  needs,  where  weight  and 
space  are  at  a  premium. 

As  the  engine  is  a  relatively  minor  problem  in  steam 
cars — owing  to  steam  engine  practice  being  so  highly 
standardized— difference  of  type  or  details  of  construc- 
tion are  not  of  such  pronounced  moment  as  the  major 
problems  of  burner  and  boiler.  Another  company  (now 
among  the  gas-car  manufacturers)  for  a  few  years  used 
a  compound  engine.  The  unaflow  type  has  been  proposed 
and  much  discussed  recently.    We  conducted  tests  on  a 
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unaflow  engine  a  year  ago  and  failed  to  discover  any 
superior  steam  economy.  We  did  encounter  many  minor 
disadvantages  in  this  type  wheii  applied  to  automobiles, 
among  which  were  uncertainty  at  times  as  to  whether 
the  car  would  run  forward  or  backward  on  starting,  and 
the  possibility  that  it  would  not  start  at  all.  Further- 
more, its  high  compression  was  a  disadvantage  and  its 
weight  and  size  exceeded  that  of  the  contraflow  type. 


Pilot  Casting   Assembly 


A — Vaporlzine  tube 

B — Pilot  casting 

C — Spark-plug 

D — Return  connection  to  switch 


K — Fuel  inlet 

F — IMlot  nozzle 

G — Connection  from  battery 

H — Spark  gap 


These  difficulties  could  be  overcome  in  considerable 
measure,  but  so  doing  would  modify  the  unaflow  type  to 
the  point  that  its  characteristic  feature  would  be  largely 
lost,  and  there  would  be  added  complications  in  construc- 
tion. 

The  use  of  high  superheat,  moreover,  largely  minimizes 
the  benefit  of  the  unaflow  cycle,  and  the  absence  of  vacu- 
um further  defeats  its  primary  advantage. 

Author  s  Conclusion 

The  foregoing  states  briefly  the  case  for  the  steam 
car,  as  we  view  it.    We  have  said  nothing  of  the  gasoline 
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situation,  which  it  is  well  known  is  causing  concern  in 
the  automotive  industry,  both  as  to  quality  and  quantity, 
a  concern  that  promises -to  become  deeper  with  the  in- 
creasing use  of  automobiles  and  particularly  the  most 
extensive  increase  of  trucks,  tractors  and  airplanes. 

The  time  has  come,  we  believe,  when  the  industry  must 
pause  to  consider  seriously  our  assertion  that  steani  is 
not  only  the  shortest  but  indeed  the  only  route  to  au- 
tomobile perfection. 


THE    DISCUSSION 

Hugo  C.  Gibson  (M.  S.  A.  E.) :  If  steam  is  a  good 
propulsive  means,  let  the  steam  exponents  give  us  a  steam 
plant  for  propelling  airplanes  through  the  air.  It 
would  have  fewer  parts,  as  the  automobile  steam  plant 
has.  The  problem  is  really  only  one  of  utilizing  heat, 
and  I  believe  that  the  efficiency  of  a  steam  plant  can  be 
even  higher  than  that  of  an  internal-combustion  engine,  if 
loss  of  heat  is  prevented  by  proper  insulation;  in  this 
particular  respect  the  internal-combustion  engine  has  the 
disadvantage  that  a  very  large  proportion  of  the  heat 
must  be  thrown  away  by  arranged  means — ^the  cooling 
system.  In  the  steam  plant  arranged  means  for  hold- 
ing the  heat  in  must  be  provided;  there  is  definite  con- 
servation of  the  heat  units  from  the  burner  to  the 
cylinder. 

Mr.  Schlesinger: — I  would  like  to  ask  about  the  pro- 
vision against  the  blowing  out  of  the  pilot  light ;  does  it 
happen?     If  so,  what  is  the  result? 

I  understand  that  the  electric  form  of  vaporization  is 
new  this  year  in  the  Stanley  car.  What  is  the  current 
consumption  of  this  heating  coil  ? 

I  would  also  like  to  ask  for  the  definition  of  a  unaflow 
engine.  Reference  was  made*  in  Mr.  Doble's  paper  to 
priming.  We  all  know  what  priming  means  in  gasoline 
practice,  especially  after  this  cold  winter,  but  I  have 
never  before  heard  it  applied  to  steam  engine  practice. 

Steam  versus  Gas  Engines  for  Airplanes 

Mr.  Emory: — I  would  like  to  answer  Mr.  Gibson's 
question  about  the  use  of  steam  for  driving  airplanes. 
The  conditions  required  in  an  automobile  are  maximum 
torque  with  minimum  speed;  whereas  the  conditions  in 
an  airplane  are  approximately  constant  torque  and  con- 
stant speed.    Of  course,  the  latter  ie  a  condition  for 
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which  a  steam  engine  is  not  particularly  well  fitted — at 
least,  not  better  fitted  than  a  gasoline  engine. 

In  regard  to  the  question  asked  about  the  pilot  light, 
I  do  not  believe  that  a  pilot  light  will  be  blown  out  by  a 
blast  of  air,  but  unfortunately  it  is  frequently  blown  out 
because  of  absence  of  air. 

I  have  driven  the  steam  car  a  good  deal — ^at  present  I 
am  driving  a  gas  car — but  I  must  say  that  there  is  no 
comparison  between  the  two.  I  would  rather  have  an 
old  Stanley  car  than  a  brand-new  twelve.  If  the  Stan- 
ley Company  will  only  make  a  boiler  that  will  not  give 
out  at  unexpected  moments,  and  a  pilot  light  that  does 
not  go  out  just  as  it  is  needed,  I  think  they  will  have  what 
they  refer  to  as  the  "perfect  automobile." 

Scale  Formation  in  Stecmi  Boilers 

Benjamin  F.  Tillson  (M.  S.  A.  E.) :— The  questions 
I  have  apply  m<jre  particularly  to  powerplant  engineering, . 
as  a  steam  engineer  sees  them.  A  comment  was  made 
that  90  per  cent  efficiency  was  obtained  in  one  of  these 
steam  plants.  That  is  a  result  so  unusual  for  steam  plant 
engineering  as  to  appear  impossible  because  of  the  loss  of 
15  or  20  per  cent  of  the  heat  units  in  the  fuel,  depending 
upon  the  temperature  and  volume  of  the  gases  leaving  the 
furnace.  I  assume  that  the  90  per  cent  rating  was  in 
terms  of  the  heat  units  in  the  actual  boiler  horsepower 
produced  as  against  the  heat  units  obtainable  from  the 
fuel  used?  The  question  of  the  possibility  of  scale  form- 
ing in  the  boiler  appears  to  me  to  be  of  more  serious 
moment  than  this  meeting  has  been  led  to  believe.  I 
would  like  to  learn  why  the  practice,  generally  found 
necessary  in  powerplant  engineering,  of  eliminating  all 
possible  oil  from  feed  water,  does  not  also  obtain  in 
the  practice  of  steam  engineering  as  applied  to  small 
automotive  units. ^  If  we  do  not  eliminate  oil  from  our 
boilers  we  get  carbonized  oil,  which  forms  in  the  boiler 
tubes.  Overheating  and  distortion  of  the  boiler  tubes 
result  from  the  retardation  of  heat  transmission  caused 
by  this  deposit  and  disastrous  failures  have  been  due 
to  this  cause. 

What  provisions  are  there  in  steam  cars  for  cleaning 
scale  which  does  form  in  boiler  tubes? 

Answering  the  question  raised  in  regard  to  the  term 
"priming"  in  steam  boiler  practice,  it  is  considered  to  be 
the  mechanical  carrying  off  of  water  with  the  steam  and 
is  extremely  objectionable. 
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Four  Companies  Developing  Steam  Cars 

Mr.  Brown: — There  are  now,  to  my  knowledge,  four 
different  companies  making  progress  in  the  development 
of  the  steam  car.  I  say  development,  because  all  of  them 
are  capable  of  great  improvement.  Of  those  companies, 
we  have  heard  of  two ;  a  third  is  the  Star  Motor  Company 
of  Chicago,  which  has  in  operation  on  the  road  at  the 
present  time  a  steam  truck  that  differs  from  the  two 
described  in  that  it  has  a  water-tube  boiler  somewhat 
similar  in  general  type  to  the  Babcock  &  Wilcox.  The 
combustion  mechanism  is  similar  to  that  of  the  Stanley. 
The  other  car  .has  been  designed  and  built  at  the  Doble 
Laboratory  of  San  Francisco  by  brothers  of  Abner  Doble 
of  Detroit,  who  originated  the  lighting  of  the  fire  by 
spark-plug.  The  boiler  of  the  San  Francisco  Doble  car 
is  somewhat  different  from  any  of  the  other  three.  It 
is  practically  a  very  small  circulating  boiler  with  a  very 
large  economizer.  The  San  Francisco  Doble  burner  does 
not  require  any  air  pressure,  has  no  small  orifices  to  clog 
*  up,  and  offers  some  advantages.  • 

The  reason  stationary  powerplants  have  trouble  with 
oil  and  these  automobile  plants  do  not  is  owing  to  the 
difference  in  the  character  of  oil  used.  If  we  used  the 
same  class  of  oil  in  automobiles  that  is  used  in  power- 
plants,  we  would  burn  our  boilers  inside  of  two  or  three 
days.  The  use  of  high-grade  engine  oil  in  boilers  is  not 
as  harmful  as  the  use  of  animal  and  vegetable  oils. 

Unaflow  Engine  Development 

The  definition  of  a  unaflow  engine  was  requested.  In 
1850  an  engine  was  invented  in  which  steam  was  ad- 
mitted at  the  end  of  the  stroke  and  exhausted  at  the 
middle,  but  it  was  not  called  a  unaflow  engine.  Other 
inventions  along  that  line  followed  until  1880;  but  none 
of  them  were  called  unaflow  engines.  In  1908  Johann 
Stumpf  developed  an  engine  of  similar  type,  in  which  he 
achieved  great  economy  such  as  had  not  been  accom- 
plished by  any  of  the  others;  he  called  it  a  unaflow 
engine.  That  is  the  unaflow  engine  which  has  made  a 
reputation  for  itself.  With  that  definition  of  this  type  of 
engine,  none  of  the  engines  described,  as  constructed  by 
Doble  or  Stanley,  are  unaflow  engines;  they  are  simply 
copies  of  the  1850  engine  which  never  was  a  success  and 
which  never  was  put  on  the  market. 

I  am  sorry  to  hear  such  claims  of  perfection,  because  I 
do  not  believe  it  does  the  cause  any  good  to  claim  greater 
perfection  than  can  be  achieved  in  practice.    Every  one 
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knows  the  advantages  of  the  steam  engine  and  every 
one  who  has  had  anything  to  do  with  it  also  knows  the 
shortcomings  of  the  steam  combustion  apparatus  and 
boiler  for  automotive  practice;  great  strides  are  being 
made  to  overcome  these  difficulties  and  when  they  are 
overcome— which  I  believe  will  be  in  the  near  future 
— then  steam  power  is  going  to  take  its  place. 

S.  N.  Castle  (M.  S.  A.  E.) :— Most  of  the  claims  in 
the  papers  have  been  commercial  or  sales  rather  than 
engineering  arguments.  Two  points  however  do  not 
appear  to  have  been  contrasted.  Doble  claims  to  get 
rid  of  the  boiler  scale  by  means  of  an  oil  film.  What 
happens  to  the  scale  on  the  Stanley  car?  Second:  Ability 
to  run  2500  miles  on  one  charge  of  water  is  claimed  for 
the  Doble  car,  while  the  Stanley  people  state  that  their 
car  can  run  from  150  to  200  miles  at  the  outside,  on  one 
charge.  From  what  has  been  shown  in  the  papers,  the 
conditions  of  condensing  are  practically  alike  in  the  two 
cars  with  water  charge  apparently  in  favor  of  the  Doble 
car. 

Early  Stanley  Steam  Cahs 

Prescott  Warren  (A.  S.  A.  E.) :— When  we  started 
in  business  in  1896,  Mr.  Stanley  had  the  same  great  idea 
as  Henry  Ford,  that  an  infinite  number  of  people  would 
pay  five  or  six  hundred  dollars  for  an  automobile;  so  we 
put  our  first  cars  for  sale  in  1898  at  a  price  of  $600.  At 
that  time  Haynes  and  Duryea  cars  were  selling  for  from 
$1,200  to  $3,000.  In  1910  we  built  a  10-hp.  car,  with  a 
speed  of  60  m.p.h.,  and  sold  it  at  $850.  That  car  was  not 
equipped  with  a  windshield,  to  be  sure,  and  many  of  the 
accessories  that  people  now  demand.  It  shows,  however, 
what  can  be  done  in  the  matter  of  price.  We  were  build- 
ing three  different  sizes  of  cars.  In  1914  we  decided  that 
it  would  be  better  business  to  concentrate  on  one  model. 
Our  demand  showed  that  the  20-hp.  car  was  the  most 
popular.  There  is  no  doubt  in  our  minds  that  the  steam 
car  can  be  built  of  the  same  quality  and  in  the  same  pro- 
duction for  less  money  than  any  other  car. 

Mr.  Sturgess  : — Mr.  Schlesinger  inquired  about  the 
current  consumption  required  for  starting  the  pilot  light. 
About  200  amp.  for  15  to  20  sec.  is  the  maximum  flow. 
This  is  about  the  same  current  fiow  used  on  the  average 
gasoline  car,  but  the  battery  is  used  only  very  rarely — 
certainly  not  more  than  once  a  day — so  that  the  net  load 
on  the  battery  is  very  much  lower. 
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Life  of  the  Stanley  Bailer 

Mr.  Emory  asked  why  we  do  not  make  a  good  boiler, 
and  referred  to  its  life.  This  compares  well  with  the  life 
of  many  vital  parts  of  gas  cars.  It  should  be  borne  in 
mind  that  the  boiler  is  about  the  only  part  of  the  steam 
car  that  wears  out — the  engine  is  practically  indestructi- 
ble, and  there  is  no  transmission. 

Importance  of  Using  Proper  Water 

In  any  engineering  field  there  are  occasions  where  we 
have  exceptional  cases  of  trouble,  but  it  is  erroneous  to 
regard  those  as  typical.  There  was  one  such  case  where 
a  man  had  a  boiler  he  could  not  make  last  for  more  than 
three  months.  We  had  to  put  in  a  new  boiler,  which 
again  failed.  The  case  looked  so  bad  that  we  sent  a 
special  engineer  to  investigate.  We  knew  that  there  were 
many  other  Stanley  users  in  that  same  town,  and  they 
had  no  trouble.  We  ftpally  found  that  he  was  using 
water  from  a  well  that  was  full  of  magnesia  and  lime, 
and  he  never  blew  off  his  boiler,  so  of  course  he  had 
trouble.  He  ceased  to  use  that  water  and  had  no  more 
trouble. 

Kerosene  Mixed  With  the  Lubricant 

As  regards  oil  causing  trouble  in  the  boiler,  we  as  engi- 
neers are  all  thoroughly  familiar  with  the  old  axiom  that 
at  all  costs  oil  must  be  kept  out  of  steam  boilers.  It  is 
well  known,  however,  that  the  practice  of  putting  kero- 
sene in  boilers  acts  as  a  deterrent  to  the  formation  of 
scale  arising  from  the  inclusion  of  oil  and  while  it  is  not 
very  practicable  to  put  much  kerosene  into  a  large  boiler, 
yet  I  believe  the  practice  is  not  adopted  as  much  as  it 
might  be.  We  make  a  practice  of  mixing  kerosene  with 
our  lubricant  and  as  a  consequence  the  oil — irrespective 
of  what  it  ought  to  do,  does  not  cause  any  trouble.  I 
attribute  this  to  the  fact  that  the  kerosene  gets  on  the 
tubes  first  and  the  oil  does  not  have  a  chance  to  adhere. 
Of  course,  we  make  a  practice  of  blowing  off  fairly  fre- 
quently, and  I  think  those  two  facts  account  for  the  cir- 
cumstance that  in  practice  we  do  not  haive  any  trouble 
from  oil  in  the  boiler. 

Efficiency  of  the  Stanley  Powerpl.\nt 

In  tests  on  our  4-by-5  stock  engine,  working  with 
about  three-eighths  cut-off,  and  using  superheated  steam, 
we   have   frequently   obtained   steam   consumptions    of 
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from  16  to  17  lb.  per  hp.  With  a  condensing  engine  run- 
ning under  28  in.  of  vacuum,  a  rate  of  13  to  14  lb.  of 
steam  per  hp.  is  considered  very  good.  I  attribute 
this  performance  to  the  high  superheat,  to  the  insulation 
preventing  radiation,  and  to  ona  or  two  other  minor  con- 
structional causes.  This  performance  works  out  to  77  per 
cent  efficiency,  based  on  the  Rankine  cycle.  Those  tests 
were  carried  out  under  strict  scrutiny  with  calibrated 
instruments,  and  independently  checked  by  many  en- 
gineers. 

Water  Tank  Capacity 

The  figures  of  water  consumption  (miles  per  tank  of 
water)  which  we  gave,  we  regard  as  conservative,  and 
those  which  will  be  experienced  every  day  by  the  average 
automobilist.  We  do  not  know  whether  Mr.  Doble's  fig- 
ures are  on  the  same  basis.  The  Doble  design  uses  a 
fan  to  augment  the  condensation.  We  carefully  con- 
sidered this,  but  it  was  regarded  as  an  added  compli 
cation,  involving  more  parts  to  wear  and  greater  cost. 
From  150  to  250  miles  on  a  tank  of  water  is  about  all 
that  is  really  required,  because  people  do  not  often  go 
very  much  farther  than  that  in  one  day;  and  when  they 
are  in  the  garage  there  is  no  objection  to  refilling  the 
water  tank. 

R.  H.  Thayer  (M.  S.  A.  E.) :— The  meaning  of  the 
term  "unaflow"  can  be  explained  by  comparing  it  with 
"counterflow."  In  the  unaflow  type  of  engine  the  steam 
enters  the  end  of  the  cylinder  through  a  port  in  the  usual 
manner  and  forces  the  piston  ahead,  but  instead  of  ex- 
hausting this  spent  steam  by  causing  the  piston  on  its 
return  stroke  to  drive  the  steam  out  through  the  same 
port  through  which  it  entered  (thus  compelling  it  to 
counterflow)  the  live  steam  in  the  unaflow  cylinder  fol- 
lows up  the  piston  and  is  exhausted  through  ports  in  the 
cylinder  walls  located  at  about  its  center  of  length ;  these 
ports  are  uncovered  by  the  receding  piston  head. 

As  to  the  real  merits  of  the  counterflow  and  unaflow 
types  of  engine,  much  can  be  said  in  favor  of  each,  es- 
pecially with  respect  to  their  adaptation  to  steam-pro- 
pelled vehicles.  The  determining  factor  with  us,  thus 
far,  has  been  one  of  expediency  as  prompted  by 
physical  conditions.  Since  we  are  using  with  highly  sat- 
isfactory results,  the  unaflow  type  in  passenger  cars  and 
the  counterflow  type  in  our  steam  trucks,  we  are  com- 
mitted to  neither. 
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Problems  in  Doble  Combustion  Mechanism 

The  idea  of  means  whereby  the  pilot  light  might  fox 
once  and  all  be  eliminated  involves  something  more 
than  the  mere  means  "of  lighting  the  fire  by  spark-plug," 
the  successful  and  repeated  ignition,  by  spark,  of  sprayed 
kerosene  mixed  with  the  enormous  volume  of  air  neces- 
sary to  insure  combustion  to  the  exclusion  of  soot,  smoke 
and  smell.  Nor  did  the  problem  cease  with  means 
for  initiating  combustion  in  so  rarefied  a  mixture. 
It  was  found  that  with  the  burning  of  a  sufficient 
quantity  of  fuel  mixed  with  the  proper  amount  of 
oxygen  to  produce  the  necessary  temperature  whereby 
the  excessive  and  sudden  demands  for  steam  would  be 
satisfied,  an  enormous  volume  of  flame  resulted.  It  was 
the  confining  of  this  flame  in  the  necessarily  limited 
space  in  the  fire-box,  20  in.  square  and  8  in.  deep,  that 
proved  the  greatest  problem.  As  we  review  the  efforts 
of  engineers,  it  becomes  evident  that  it  was  this  task  of 
properly  confining  the  open  fiame  without  interfering 
with  proper  combustion  that  led  to  vaporizing  the  liquid, 
producing  a  gas  which  was  at  once  readily  ignited  and 
easily  confined  in  the  necessarily  small  fire-box  such  as 
could  be  adapted  to  a  steam-propelled  vehicle.  This  pre- 
gasification,  however,  necessitated  the  use  of  means  for 
preheating,  including  the  troublesome  pilot  light. 

Lubricating  with  High  Steam  Temperature 

In  regard  to  the  action  of  lubricating  oil  with  the 
steam,  Mr.  Tillson  lost  sight  of  the  fact  that  we  men- 
tioned particularly  that  gas-engine  cylinder  oil  was  used. 
Owing  to  the  high  temperature  and  pressure  in  our 
boiler,  this  oil  does  not  exist  as  a  liquid,  but  rather  is 
present  as  a  gas.  In  going  with  the  superheated  steam 
to  the  valve  chest  and  cylinders  the  temperatures  become 
low  enough  to  condense  a  part  of  the  oil  to  a  liquid,  which 
properly  lubricates  the  moving  parts.  Passing  with  the 
exhaust  steam  to  the  condenser,  both  steam  and  oil  are 
converted  into  liquid  form  and  are  fed  again  into  the 
boiler. 

Over-all  Boiler  Efficiency 
Mr.  Tillson's  question  as  to  the  basis  on  which  we 
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arrive  at  a  figure  of  90  per  cent  over-all  boiler  efficiency 
can  be  answered  as  follows: 

Water  evaporated,  lb.  per  hr 630 

Superheat,  deg.  fahr 26 

Total  heat  (Mollier  diagram),  B.t.u.  per  lb 1246 

Temperature  of  feed  water,  deg.  fahr 62 

Total  heat. above  feed  water  temperature,  B.t.u. 

per  lb.  =  1245  —  62  = 118S 

Fuel  burned,  lb.  per  hr 41.24 

Heat  value  of  the  fuel,  B.t.u.  per  lb 20,100 

1183  X  630  74600 

Efficiency  = = =90  per  cent 

41.25  X  20100  82700 


STEAM  CARS 
By  Prescott  Warren* 

The  conception  of  a  self-propelled  vehicle,  of  what  we 
to-day  call  an  automobile,  is  one  of  the  oldest  in  human 
annals.  It  is  probable  that  that  revolutionary  being  who, 
when  mankind  was  emerging  from  savagery  into  bar- 
barism, first  applied  the  wheel  to  a  vehicle,  had  vague 
glimpses  in  his  mind  of  an  occult  power  which  would  pro- 
pel that  vehicle  without  thcf  aid  of  man  or  animal. 

All  through  the  myths  and  legends  of  the  ancients 
we  find  conceptions  of  the  self-propelled  vehicle,  that 
swift,  silent,  mysterious  carriage  which  would  transport 
them  with  speed,  comfort  and  safety  on  the  land  or  in 
the  air.  But  so  remote  did  this  seem,  so  far  beyond  the 
grasp  of  mankind,  that  the  ancients  had  not  the  audacity 
to  claim  it  for  themselves  even  in  their  legends  and  myths, 
but  attributed  it  to  the  gods. 

As  ^e  Elgyptians,  the  Persians,  the  Greeks  and  the 
Romans  attained  their  high  degrees  of  civilization  the 
desire  for  this  godlike  device  became  more  and  more  per- 
sistent. Civilization  realized  instinctively  that  somehow 
mechanical  forces  could  be  set  to  work  to  annihilate  time 
and  space,  but  throughout  ancient  times  the  wish  re- 
mained only  a  wish. 


•President,  Stanley  Motor  ^Carriage  Company 
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Leonardo  da  Vinci's  Self -Propelled  Vehicle 

The  first  record  of  a  concrete  human  conception  of  a 
self-propelled  vehicle  is  found  in  the  fifteenth  century, 
when  Leonardo  da  Vinci,  one  of  the  greatest,  and  certainly 
the  most  versatile  of  geniuses  that  ever  lived — ^poet,  phi- 
losopher, architect,  sculptor,  painter,  engineer,  statesman, 
warrior — conceived  a  military  vehicle  propelled  by  steam 
for  assaulting  the  walls  of  fortified  towns.'  It  was,  in 
effect,  what  we  would  now  call  a  tank.  Leonardo  not  only 
conceived  it,  but  designed  it,  and  although  he  never  built 
it  he  left  a  full  set  of  drawings  of  it.  Modern  en- 
gineers have  examined  his  drawings  and  have  found  that 
the  vehicle  is  entirely  practicable,  that  it  could  be  built 
and  could  be  made  to  run. 

The  first  real  impetus  toward  the  attainment  of  civili- 
zation's most  crying  need  came  with  the  invention  of  the 
steam  engine  in  the  last  quarter  of  the  eighteenth  cen- 
tury, less  than  150  years  ago.  More  progress  has  been 
made  in  swift  transportation  in  that  period  than  in  the 
60  centuries  of  recorded  history  before  it.  Immedi- 
ately upon  the  discovery  of  this  new  force  earnest  at- 
tempts accompanied  by  heart-breaking  failures  were  made 
to  adapt  it  to  propelling  land  vehicles.  The  attempts 
became  so  numerous,  in  fact,  as  to  attract  the  bitter  oppo- 
sition of  the  Tory  or  reactionary  element  in  every  coun- 
try, that  element  which  always  wishes  to  let  well  enough 
alone.  The  opposition  was  so  effective  that  it  resulted  in 
legislation  ruling  such  vehicles  off  the  road.  It  has  been 
said,  and  probably  truly,  that  this  legislation  set  back 
the  development  of  the  automobile,  and  thereby  the  ad- 
vance of  civilization,  by  a  full  century. 

Let  us  pause  here  to  pay  tribute  to  the  indomitable 
perseverance  of  those  hardy  pioneers — business  men  and 
engineers — ^who,  when  they  found  themselves  ruled  off 
the  highways,  had  the  audacity  to  conceive  of  buying  their 
own  rights  of  way,  building  their  own  graded  roads  and 
laying  rails  upon  them,  and  thus  set  the  beginning  of 
our  modern  railroad  system;  who  not  only  had  the  im- 
agination to  conceive  this  stupendous  thing,  but  the 
courage  to  put  their  capital  into  it  and  the  brains  to 
execute  it. 

Perhaps  we  should  pay  even  higher  tribute  to  those 
other  pioneers,  those  other  industrial  radicals,  who  fore- 
saw that  the  self-propelled  vehicle  running  on  rails  on 
a  graded  road,  on  a  private  right  of  way,  would  not,  by 
any  means,  even  begin  to  meet  civilization's  crying  de- 
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mand  for  a  vehicle  that  any  individual  could  drive  him- 
self wherever  he  wished  on  a  public  highway.  Luckily, 
nature  endows  certain  men  in  every  epoch  with  that 
pioneer  instinct  which  impels  them  in  the  face  of  laws, 
ridicule  and  mechanical  discouragement,  to  achieve  the 
seemingly  impossible. 

Automobile  Development  Retarded  by  Legislation 

I  have  said  that  it  is  probably  true  that  legislation  set 
back  the  development  of  the  automobile  by  a  full  cen- 
tury. Some  exception  may  be  justly  taken  to  that  state- 
ment. Remember,  the  first  automobiles  burned  hard  fuel 
— first  wood  and  then  coal — ^and  they  ran  on  steel  tires. 
But  the  automobile  as  we  conceive  it  today — ^a  vehicle 
to  transport  us  on  the  highways  with  speed,  comfort 
and  safety — awaited  two  things — ^liquid  fuel  and  the 
pneumatic  tire.  Neither  was  available  for  many  years. 
It  may  be  permissible  to  discuss  them  in  the  order  not 
of  their  advent  but  of  their  importance. 

The  automobile  would  be  well-nigh  impossible  without 
the  pneumatic  tire.  We  cannot  conceive  of  its  wide- 
spread use  without  this  which  seems  at  first  glance  a 
mere  accessory.  It  is  only  twenty-five  years  since  the 
pneumatic  tire  was  invented.  But  in  that  short  time  t&e 
automobile  has  revolutionized  our  social  and  economical 
life,  and  its  manufacture  has  become  America's  third 
greatest  industry. 

Discovery  of  Liquid  Fuel 

The  automobile  was  also  of  little  value  without  liquid 
fuel.  We,  to-day,  cannot  conceive  of  putting  up  with 
wood  or  coal. 

^quid  fuel  was  discovered  about  1860.  One  of  the 
first  pioneers  to  experiment  with  it  discovered  that  it 
had  explosive  as  well  as  inflammable  properties. 

Another  soon  conceived  the  brilliant  and  almost  revolu- 
tionary thought  of  inducting  a  gasified  drop  of  liquid 
fuel  into  the  cylinder  of  an  engine,  exploding  it  there, 
and  allowing  the  resulting  force  to  drive  the  piston 
down. 

This  was  power  direct  from  fuel. 

The  Fork  in  the  Road 

Here  lay  the  fork  in  the  road.  The  pioneers  saw  be- 
fore them  now  two  paths,  each  apparently  beckoning 
them  to  their  goal.    Remember,  up  to  this  time  all  ex- 
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periments  on  self-propelled  vehicles  had  been  with  steam. 
What  motives  were  these,  then,  which  led  the  engineer- 
ing fraternity  down  the  wrong  fork? 

Unquestionably  the  lure  of  getting  power  direct  from 
fuel  was  foremost. 

"Why  bum  fuel  under  a  boiler,  transfer  the  heat  to 
the  water  to  turn  it  into  steam,  and  then  conduct  the 
steam  to  a  cylinder,  when  the  fuel  itself  can  be  burned 
(exploded)  directly  in  the  cylinder,  thus  dispensing 
with  the  steam  boiler  and  burner  units  altogether  ?"  The 
thought  seemed  brilliant  and  fieasible.  It  aroused  the 
spirit  of  adventure — the  instinct  of  the  pioneer — in  the 
engineers  of  the  day. 

Explosive  Engine  Characteristics 

For  certain  purposes,  indeed,  it  has  great  merit — for 
stationary  engines  and  such  uses  as  require  only  con- 
stant power  and  constant  speed. 

But  engineers  at  once  began  to  adapt  this  new  engine, 
essentially  a  constant-speed,  constant-power  device,  to 
the  variable-speed,  variable-power  automobile — ^which  is, 
perhaps,  the  most  inappropriate  use  to  which  it  could 
be  put. 

Patent  Protection 

Steam  practice,  even  at  that  day,  was  highly  standard- 
ized. Indeed,  for  self-propelled  land  vehicles  driven  by 
steam,  Stephenson's  types  of  boiler  and  engine  are  to  day 
the  standard.  There  was  scant  hope,  therefore,  that  the 
engineer  could  develop  anything  in  the  steam  line  so 
revolutionary  and  so  advanced  that  he  could  secure 
patent  protection.  But  he  could  see  in  this  new,  ^in- 
known,  untried  device,  so  simple  in  theory  and  so  allur- 
ing to  his  inventive  instincts,  a  splendid  opportunity  to 
be  the  first  to  hit  upon  that  secret  in  harnessing  it  to 
the  automobile  which  might  be  so  basic  as  to  give  him 
complete  patent  protection  and  yield  him  an  enormous 
fortune.  And  as  each  engineer  heard  rumors  of  what 
other  engineers  in  other  parts  of  the  world  were  doing 
this  only  spurred  him  on  to  swifter  action,  and  encour- 
aged him  to  think  that  if  these  others  were  struggling 
along  the  same  path,  it  must  surely  be  the  right  path. 

It  was  immediately  apparent  that  a  clutch  and  a 
change-speed  gear  had  to  be  interposed  between  the 
engine  and  the  rear  wheels.  But  such  problems  did  not 
deter  these  courageous  pioneers,  nor  did  the  more  deli- 
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cate  problems  of  vaporization,  carburetion  and  ignition. 
Persistent  inventive  genius,  following  the  engineering 
fashion  which  had  set  in,  combated  the  difficulties  and 
almost  overcame  them.  Nor  did  the  engineers  hesitate 
long  to  duplicate  their  internal-explosive  engine,  or 
quadruplicate  it,  or  to  put  in  six  or  eight  or  even  twelve 
cylinders  to  drive  one  automobile. 

Is  not  the  theory  of  the  internal-explosive  engine  as  ap- 
plied to  a  variable-power,  variable-speed  device  like  an 
automobile  fundamentally  a  fallacy?  The  manufac- 
turer of  to-day  will  say  he  builds  gas  cars  because  the 
public  wants  them.  The  automobilist,  who  knows  only 
what  the  manufacturer  has  taught  him,  will  insist  that 
gas  cars  must  be  better  because  there  are  more  of  them 
— ^that  if  steam  cars  were  better  the  manufacturers  would 
build  steam  cars.  So  the  manufacturers  blame  the 
fashion  upon  the  public,  and  the  public  blames  it  upon 
the  manufacturers. 

Internal-Explosion  Engine  Compucations 

Those  early  pioneers  were  really  to  blame — ^those  who 
began  with  the  beginnings  of  the  explosive  liquid  fuel. 
They  were  carried  away  with  the  idea  of  getting  "power 
direct  from  fuel,"  and  lost  sight  entirely  of  the  fact 
that  their  real  problem  was  not  merely  to  get  th^ 
power  from  the  fuel,  but  to  get  the  power  from  the  fuel 
to  the  driving-wheels  of  an  automobile,  which  device, 
above  all  others,  requires  instantaneous  variability  of 
power,  and  instantaneous  response  to  the  driver's  will. 
The  complications  introduced  to  make  the  internal-explo- 
sion engine  deliver  its  power  to  the  rear  wheels  became 
in  time,  indeed  almost  immediately,  far  greater  than 
those  of  the  steam  boiler  and  burner  units,  which,  with 
the  best  intentions  in  the  world,  the  pioneers  had  under- 
taken to  get  around. 

Clutch,  gearshift,  complete  electric  plant  for  ignition, 
and  another  complete  electric  plant  for  starting  the  in- 
ternal-explosion plant,  flywheel,  accelerator,  jointed  drive 
shafts,  carbureter — these  complications  are  a  splendid 
tribute  to  the  "persistent  inventive  genius"  which  created 
them. 

The  intelligence  applied  to  the  problems  was  of  the 
highest  order,  save  that  it  was  short-sighted.  Instead  of 
trying  to  find  an  easier  road  to  their  goal,  instead  of 
remembering  that  fork  which  they  had  passed,  the  pio- 
neers persisted  on  the  path  they  had  selected,  with  just 
enough  success  each  year  to  urge  them  forward.     And 
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now  it  is  perhaps  not  too  much  to  say  that  they  have 
penetrated  so  far  that  they  find  themselves  in  the  midst 
of  an  ambiguity.  Today  some  of  those  who  are  more 
courageous  are  beginning  to  think  for  the  first  time  of 
the  other  road,  and  to  give  an  occasional  glance  at  the 
lone  voyager  who  has  come  so  much  nearer  giving  to  the 
public  that  performance  which  it  has  always  demanded 
and  is  still  demanding. 

Stored  Power  an  Advantage  of  Steam  Cars 

The  secret  of  the  performance  of  the  real  steam  car 
lies  in  its  stored  power.  We  have  in  mind  a  certain  type 
of  steam  car,  once  most  conspicuous,  which  had  none 
of  it  and  which  was  abandoned  for  the  internal-explosive 
type.  With  its  flash  boiler,  it  was  necessary,  as  in 
a  gas  car,  to  create  the  power  after  the  need  for  it  had 
arisen.  This  involved  control  mechanism  as  delicate  and 
complicated  as  in  a  gas  car,  including  even  a  gearshift 
and  a  clutch. 

Difficidties  with  Internal-Explosive  Engines 

It  is  highly  probable,  if  those  early  automobile  engi- 
neers could  have  seen  the  latest  products  of  their  most 
brilliant  successors,  with  eight  or  twelve  cylinders;  with 
standardization  so  remote,  even  in  this  respect,  that  the 
oldest  manufacturer  of  cars  in  America  admits  that 
twelve  cylinders  are  necessary  for  a  good  performance, 
and  the  most  successful  claims  that  four  are  enough; 
with  a  product  running  over  3000  r.p.m.  and  the 
resultant  lubrication  problems ;  with  the  engine  removed 
to  the  farthest  possible  point  from  the  driving-wheels; 
with  two  or  even  four  universal-joints;  with  incredibly 
delicate  vaporizing  mechanism;  with  incredibly  accurate 
manufacturing  limits;  with  even  four  valves  to  a  cylin- 
der controlled  by  incredibly  accurate  timing  gears;  with 
the  primitive  functions  of  clutch  and  gearshift  still 
present — it  is  highly  probable  that  those  early  engineers, 
if  they  could  hi^ve  visualized  the  modern  automobile, 
would  have  cried  to  one  another,  "Hold!  We  dare  not 
impose  so  prodigious  a  tax  upon  the  brains  of  engineers. 
We  dare  not  impose  so  prodigious  a  mechanism  upon  the 
civilization  we  are  striving  to  benefit." 

But  entirely  aside  from  the  complications  of  these 
later  days,  entirely  aside  from  the  initial  and  well-nigh^ 
prohibitive  practice  of  making  a  firebox  out  of  the  cylin-' 
der,  the  error  was  fundamental. 

There  is  no  stored  power  in  an  internal-explosive  auto- 
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mobile — there  cannot  possibly  be  any.  The  only  place 
where  power  can  be  stored  is  in  the  flywheel,  and  it  can 
be  stored  there  only  by  speeding  up  the  engine  after  the 
emergency  calling  for  the  power  has  arisen. 

Only  in  the  steam  car  and  in  the  electric  car  can  power 
be  stored. 

The  electric  car  would  be  ideal,  and  would  probabl\ 
displace  both  steam  and  internal-explosive  cars  but  for 
its  four  principal  limiting  factors — its  range  of  operation 
is  too  short ;  it  takes  hours  to  restore  its  power ;  it  lacks 
a  forty  or  fifty-mile-an-hour  spurt;  and  the  driver  is 
conscious  every  minute  that  he  has  less  power  than  he 
had  a  minute  before. 

Stored  power  is  necessary  for  any  self-propelled  vehi- 
cle, on  rail  or  road,  for  the  performance  the  public 
wants  and  must  have. 

The  modern  internal-explosive  engine  is  a  marvel  of 
ingenuity.  "Persistent  inventive  genius"  has  done  won- 
ders in  combating  the  difficulties  which  are  inherent  in  it. 

But  no  matter  how  well  the  work  is  done  or  shall  be 
done,  the  results  the  engineers  are  striving  for,  the  per- 
formance the  public  is  demanding  and  must  have,  can 
never  be  attained  with  this  form  of  power. 

Attributes  of  the  Ideal  Car 

We  want  to  make,  we  want  to  sell  and  we  want  to 
drive  a  car 

Whose  whole  range  of  power  is  controlled  by  a  little 
finger  lever  on  the  steering-wheel;  whose  gears  are  al- 
ways in  mesh,  so  that  we  never  have  to  separate  the 
power  from  the  load  in  order  to  change  the  car  speed. 

Whose  power  is  built  up  in  advance,  ready  for  instan- 
taneous application  to  the  rear  wheels  at  our  merest 
wish. 

Whose  power  does  not  depend  upon  the  speed  of  a 
flywheel,  which  can  be  accelerated  only  after  the  critical 
emergency  has  arisen. 

Whqse  maximum  torque  can  be  applied  to  the  wheels 
under  the  most  adverse  conditions,  giving  fullest  efforts 
at  lowest  speeds — at  one  mile  an  hour  if  the  hill  or  mud 
requires  it — without  relation  to  tne  speed  of  the  engine. 

Which  has  only  two  cylinders,  and  a  crankshaft  only 
8  in.  long,  and  yet  has  100  per  cent  torque  on  the  crank- 
shaft continuously,  without  "impulses" — ^without  even 
"overlapping  impulses." 

Whose  crankshaft  is  parallel  to  the  rear  axle  so  that 
no  right  angles  must  be  turned  by  the  power. 
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Whose  engine  is  at  the  nearest  possible  point  to  the 
driving  axle — geared  to  it,  in  fact,  so  that  no  jointed 
drive-shafts  are  necessary. 

Whose  power  is  not  created  by  turning  the  engine  cyl- 
inder into  a  firebox,  but  is  generated  with  no  moving 
parts  to  be  exposed  to  the  heat  and  the  gases. 

Whose  power  can  be  built  up  without  operating  the 
engine,  or  whose  engine  can  deliver  this  power  without 
waiting  for  combustion. 

Whose .  fuel  is  supplied  for  consumption  without  the 
aid  of  a  carbureter  or  other  outside  atomizing  or  vapor- 
izing device. 

Whose  fuel  is  kerosene. 

If  the  engineers  of  the  industry  accept  these  as  the 
attributes  of  the  car  they  want  to  make,  to  sell  and  to 
drive,  then  we  will  accept  the  responsibility  of  affirming 
that  they  can  be  had  only  with  steam. 
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MAGNETO  IGNITION  FOR  FARM  TRACTORS 

By  J   G   Zimmerman* 

Many  of  the  tractor  products  now  being  marketed  show 
that  not  enough  care  is  being  exercised  in  installing  igni- 
tion systems.  The  tractor  engine  has  conditions  to  meet 
different  from  those  of  the  automobile  engine,  and  as  a 
consequence,  certain  requirements  must  be  more  posi- 
tively met.  The  object  of  this  paper  is  to  bring  out  sev- 
eral matters  of  importance  pertaining  to  the  proper  in- 
stallation of  magnetos  and  to  the  principles  underlying 
their  construction.   . 

In  the  tractor  engine  we  have  what  is  known  as 
constant  duty  work — the  engine  is  worked  hard  and  at 
high  load-factor  most  of  the  time;  consequently,  all  ap- 
pliances and  accessories  are  subjected  to  harder  service 
than  in  the  automobile.  This  means  then  that  such  ac- 
cessories must  be  well  constructed  mechanically  and  made 
so  that  proper  attention  may  be  given  to  keep  them  in 
order.  It  means  also  that  the  appliances  must  be  con- 
veniently located  and  well  protected. 

Not  long  ago  a  tractor  manufacturer  pointed  out  with 
pride  his  method  of  fully  enclosing  an  engine  and  gearbox. 
I  noticed  with  particular  interest  that  the  only  unpro- 
tected part  of  hi&i  equipment  was  the  magneto.  It  was 
placed  where  a  single  accidental  blow  could  readily  put 
the  entire  outfit  out  of  commission.  It  was  also  placed 
where  dust  and  dirt  could  collect  in  quantity.  This  par- 
ticular tractor  is  now  provided  with  better  protection 
for  the  magneto,  in  accordance  with  suggestions  I  made. 

Upon  examining  the  installation  in  a  truck  engine,  I 
found  the  magneto  crowded  into  a  corner  under  the  dash 
with  the  breaker-box  toward  the  rear.  It  was  almost  im- 
possible to  get  one's  hand  through  the  available  space 
to  get  at  the  breaker-box  and  absolutely  impossible  to 
adjust  anything  without  first  completely  removing  the 
magneto  itself.  Such  an  installation  leads  to  poor  ser- 
vice. 

Another  case  in  point  was  a  tractor  engine  with  the 
magneto  so  placed  that  one  would  have  to  put  his  arm 
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through  a  loop  in  the  exhaust  pipe  to  touch  it.    Because 
of  this  location  the  magneto  became  very  hot. 

In  still  another  four-cylinder  tractor  engine  the  spark- 
plugs were  so  placed  as  to  run  extremely  hot.  One  of  these 
engines,  in  use  at  a  tractor  school,  was  running  on  three 
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cylinders.  The  students  and  instructors  preferred  to  let 
it  run  on  three  rather  than  fix  the  faulty  spark-plug.  As 
ten  or  more  makes  of  tractors  were  in  use,  the  showing 
made  for  this  particular  one  was  poor. 

In  another  instance  the  high-tension  wire  was  sent 
out  by  the  magneto  manufacturer  made  up  in  harness  or 
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of  proper  lengths  to  suit  the  installation.  The  person  who 
applied  it  used  the  shortest  cable  for  the  longest  reach 
»ind  the  longest  for  the  shortest,  with  the  result  that  the 
short  cables  rested  tightly  on  one  cylinder  head,  while 
the  rest  fell  loosely  over  the  engine. 

Principles  Involved  in  Wiring 

The  wiring  of  any  ignition  system  has  a  great  deal  to 
do  with  its  performance.  Poor  wiring  can  put  the  best 
source  of  ignition  out  of  synchronism  with  the  engine. 
A  case  of  this  kind  was  found  at  a  marine  engine  com- 
pany's plant.  Here  the  magneto  was  all  right  but  part  of 
the  wiring  ran  through  a  metal  tube  for  4  feet  or  more. 
The  tube  being  grounded  and  the  wire  inside  it,  the 
energy  generated  in  the  tube  and  thus  lost  was  sufficient 
to  make  the  sparks  fail  and  also  to  be  late  when  they  did 
pass  across  the  gaps. 
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Fjo.  2 — Output  Wavb  Forms  of  Various  Types  or  MAONicTOfi 

.Masneto  speed  SOD  r.p.m.    Watts  are  compared  on  the  basis  of  like 

primary-secondary  turn  ratios 

The  remedy  is  obvious — do  not  use  metal  tubes  to 
carry  the  high-tension  wires.  It  takes  time  to  charge 
Icng  wires,  consequently  it  is  well  to  use  the  shortest 
possible  wires  of  equal  length  from  the  ignition  device  ^ 
to  the  spark-plugs.  A  wire  placed  too  near  t^e  engine ' 
has  its  capacity  to  become  charged  increased.  Hence 
all  wires  should  be  kept  at  least  1  in.  from  grounded 
or  other  metallic  parts.  Likewise,  all  wires  should  be 
kept  at  least  V2  in.  apart  and  should  not  all  be  run  in  the 
same  tube,  even  though  it  be  non-metallic. 
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Spabk  Requirements 

In  order  to  understand  the  importance  of  proper  wir- 
ing, let  us  next  consider  the  character  of  a  spark.  Inas- 
much as  the  period  of  inflammation  of  a  gas  charge  is 
short  (at  1200  r.p.m.,  ignition  30  deg.  early,  exhaust 
valves  open  40  deg.  before  lower  dead-center,  it  is  0.0236 
sec),  the  instant  of  ignition  is  important.  It  must  be 
definite  and  not  subject  to  variation ;  it  must  occur  exactly 
when  wanted  and  ignition  should  occur  at  a  time  definite!} 
relative  thereto,  that  is,  the  inflammation  should  start 
at  some  exact  positive  period  after  the  spark  starts. 
Hence,  all  ignition  systems  must  be  so  designed  that  this 
will  be  effected.  Fig.  2  shows  a  set  of  spark  character- 
istics taken  from  several  different  makes  of  magnetos  for 
rough  comparison.  Owing  to  the  difficulty  of  measuring 
the  spark  (secondary)  voltage  of  high-tension  apparatus, 
we  have  taken  advantage  of  the  transformer  relation  of 
primary  to  secondary  currents.  If  we  measure  the 
primary  voltage  and  secondary  current,  we  can,  know- 
ing the  ratio  of  turns,  approximate  the  secondary  circuit 
characteristics.  We  hope,  however,  sooner  or  later  to 
obtain  the  true  secondary  voltage  characteristics ;  we  are 
working  along  this  line  with  some  prospect  of  success. 

From  Fig.  2  we  see  that  all  types  of  magnetos  act 
about  the  same  way,  save  for  the  difference  in  values 
of  voltage  and  current.  The  watts  calculated  from 
the  other  data  are  not  expressed  in  relative  terms,  and, 
although  one  magneto  appears  to  outclass  another,  it  may 
not  do  so  in  actual  performance,  since  no  definite  data  as 
to  winding  ratios  are  at  hand.  The  curves  are  intended 
to  illustrate  only  the  above-mentioned  facts. 

In  Fig.  3  is  shown  a  set  of  oscillograph  records,  which 
illustrate  an  important  fact.  The  records  are  those  of 
a  magneto  running  at  constant  speed  and  having  the  / 
secondary  spark  gap  of  needle  points  in  air  varied  from 
short  circuit  to  a  gap  too  large  for  the  voltage  to  jump. 
The  secondary  currents  gradually  increase  as  the  gap  is 
reduced  from  the  open-circuit  to  short-circuit  position; 
at  the  latter  the  current,  instead  of  following  the  jump 
spark,  is  generated  as  the  rotor  changes  the  flux  through 
the  coil. 

At  open  circuit,  the  current  being  zero,  there  is  no  en- 
ergy available  at  the  gap ;  likewise  at  short  circuit  there 
is  none  available  there.  Hence  somewhere  between  the 
two  extremes  there  is  a  gap  where  maximum  energy  will 
be  developed. 
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In  this  particular  case  the  maximum  is  close  to  0.25 
in.  As  this  test  is  made  in  the  open  air,  at  one  atmos- 
phere, and,  since  with  a  given  voltage,  the  gap  that  will 
be  jumped  decreases  as  the  absolute  pressure  is  in- 
creased, the  gap  corresponding  to  the  0.25  in.  between 
needle  points  in  air  will  be  one-sixth  of  0.25  or  0.04  in.  at 
90  lb.  compression  pressure,  or  about  six  atmospheres. 
Now,  since  the  voltage  required  to  send  a  spark  a  given 
distance  through  air  increases  when  the  spark  gap 
terminals  are  changed  from  sharp  points  or  edges  to 
rounded  surfaces,  the  0.04  in.  is  further  reduced,  say, 
to  0.03  in. 

This  explains  why  manufacturers  recommend  a  gap 
of  from  20  to  30  thousandths  of  an  inch  for  their  mag- 
netos, as  the  best  results  are  then  secured.  All  mag- 
netos are  intentionally  designed  to  generate  about  the 
same  voltage  under  like  conditions,  although  not  always 
made  to  do  so. 

Initial  Kick  Voltage 

Particular  notice  should  be  taken  of  the  first  voltage 
kick  of  the^primary,  which  corresponds  well  with  that  of 
the  secondary.  This  is  true  since  the  voltage  developed 
by  coils  of  wire  over  the  same  core  must  of  necessity  de- 
velop the  same  voltage  per  turn.  This  initial  kick  starts 
the  spark.  Needless  to  say,  anything  which  chokes  or 
holds  back  this  kick  lowers  the  efficiency  of  the  spark. 
Hence  the  importance  of  the  foregoing  information  re- 
garding wiring;  its  influence  on  the  spark  effective- 
ness is  apparent.  Note  that  the  voltage  kick  is  almost 
instantaneous.  This  means  that  it  is  decidedly  prefer- 
able to  have  the  charging  of  the  high-tension  cable  circuit 
instantaneous.  Long  cables,  metal  tubes  for  guiding 
them,  cables  near  ground  or  each  other,  and  hot  insula- 
tion are  all  undesirable. 

Tests  made  with  a  four-cylinder  engine  running  on 
kerosene  showed  that  most  magnetos  on  the  market 
meet  the  requirements  of  good  ignition.  Fig.  1  repre- 
sents a  test  of  six  makes  of  magnetos  driven  by  the  same 
camshaft.  Each  magneto  was  given  its  own  advan- 
tageous spark  advance  and  in  the  test  not  one  magneto 
developed  the  slightest  difference  in  output.  Any  mag- 
neto could  be  thrown  on  at  any  moment,  so  that  during 
the  test  the  fuel,  carbureter,  load,  spark-plugs,  cables  and 
water  temperature  were  identical. 

It  was  particularly  noted  on  examining  the  timing  that 
all  systems  employ  almost  exactly  the  same  advance,  that 
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is,  the  first  part  of  the  spark  does  the  work.  With  the 
magnetos  delivering  large  or  long-lasting  sparks  the 
charge  was  fired  at  the  beginning  before  the  whole  spark 
was  developed — ^proving  that  the  follow-up  was  not  neces- 
sary. 

Magneto  Make-and-Bbeak  Sparks 

.It  must  not  be  construed  from  the  above  remarks 
about  the  concentrated  follow-up  current,  that  a  small 
follow-up  will  always  suffice.     In  the  use  of  low-grade 
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3 OSCILLOaRAPH  HSCORDS  OF  SECONDARY   CURRBNTS   AND   VOLTS 

WITH  Variablb  Spark  Gap 

Maximum  energy  at  gap  of  0.26  in.  in  air,  or  about  0.04  in.  under 

compression  at  90  lb.  per  sq.  in. 

fuels,  a  spark  of  longer  duration  will  undoubtedly  help 
to  insure  good  ignition  although  it  may  be  perhaps  a 
little  irregular.  Hence,  low-speed  engines  using  fuel  oil 
or  low-grade  kerosene  are  preferably  ignited  by  a  "fat" 
spark.  The  make-and-break  ignition  system  is  here  pre- 
ferable because  the  energy  of  the  spark  is  greater  than 
in  high-tension  systems,  and  the  fouling  of  a  plug  or 
igniter  is  less  apt  to  occur.  In  the  high-tension  systems 
the  voltage  over  the  insulation  is  from  2500  to  4000  volts 
or  more,  depending  on  the  compression  temperature  and 
spark  gap,  while  in  make-and-break  systems  it  seldom 
exceeds  250  volts. 

Fig.  4  shows  the  spark  energy  of  a  small  "plug  oscil- 
lator," which  is  a  combination  in  one  unit  of  a  magneto 
and  make-and-break  mechanism,  for  one-cylinder  engines 
only.  The  spark  output  of  this  is  much  greater  than  that 
of  the  largest  standard  high-tension  magneto  in  use  to- 
day. Now  that  we  are  forced  to  use  low-grade  fuels  there 
is  no  reason  why  the  make-and-break  system  should  not 
prove  as  satisfactory  as  high-tension  ignition  on  low- 
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speed,  single-cylinder  traction  engines.  In  the  case  of 
small  farm  engines,  "plug  oscillators"  are  proving  a  great 
advance  over  the  older  battery  systems.  One  reason  lies 
in  the  efficiency  and  mechanical  durability.  Another  is  the 
fact  that  with  such  a  device  the  spark  may  be  readily 
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Volte,  Amperes  and  Wptts  of  Spark 
Fia.  4 — Spark  Enerot  of  Small  "Plug  Oscillator" 

tested  at  any  time  to  prove  its  condition.  It  can  also  be 
cleaned  readily.  It  is  possible,  therefore,  that  low-tension 
ignition  may  come  into  more  extended  use  for  tractors 
with  single-cylinder  low-speed  engines. 

High-Tension  Voltage  and  Stabting 

It  is  well  known  that  the  magneto  develops  a  weaker 
spark  with  reduced  speed  and  that  at  very  low  speeds 
(below  50  r.p.m.)  it  is  difficult  to  start  an  engine  on 
the  magneto.  As  tractor  -  engines  are  usually  heavy 
and  hard  to  crank,  starting  is  difficult  without  some 
means  to  help  to  give  a  satisfactory  starting  spark.  In 
the  battery  and  coil  system  a  separate  battery  is  required, 
as  is  also  a  separate  high-tension  vibrator  coil  or  a  mag- 
neto coil  with  a  master  vibrator. 

Fig.  5  shows  the  battery-coil  system  applied  to  a 
magneto.  The  sparks  are  all  satisfactory.  The  user 
must  remember  to  turn  the  switch  over  to  "straight  mag- 
neto" when  the  engine  comes  up  to  speed.  Unless  some 
extra  automatic  device  is  used  with  it,  he  usually  forgets 
and  finds  that  the  next  time  he  wants  to  start,  the  bat- 
tery is  "dead." 
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Starter  Coupling  with  Magneto 

The  starter  coupling  is  a  simple  mechanical  self-con- 
tained automatic  or  semi  automatic  attachment  to  a  mag- 
neto by  means  of  which  the  operator,  after  priming  the 
engine,  can  crank  it  at  any  speed  desired,  when  it  will 
deliver  a  fine  spark.  After  the  engine  is  started,  the  de- 
vice is  cut  out  and  the  engine  run  on  the  magneto  alone. 
The  semi  automatic  outfit  is  preferable  because  it  is  sel- 
dom necessary  to  run  a  tractor  engine  below  100  r.p.m. 
For  mechanical  reasons  the  device  is  not  suitable  for  con- 
tinuous service,  its  object  being  to  start  the  engine. 


Fio.  5 — Results  with  Battery- Coil  Ststbm  Applied  to  a  Magneto 

over  straight  rotary  action.  Here  with  the  magneto  op- 
erated at  120  r.p.m.  the  spark  energy  is  less  than  half 
that  obtained  with  the  coupling.  Any  properly  designed 
starter  coupling  should  retard  the  spark,  no  matter  where 
the  advance  lever  may  be  located.  The  starter  coupling, 
if  used,  insures  greater  safety  to  the  operator.  Fig.  7 
shows  the  action  of  a  starter  coupling  from  start  to  throw 
out. 

Location  of  Magnetos 

Several  tractor  manufacturers  place  the  magneto  not 
only  in  an  inaccessible,  but  also  in  a  hot  place.  As  a 
general  rule  the  higher  the  temperature  the  poorer  an 
electrical  insulator  becomes.     Hence,  the  effect  of  heat 
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on  the  insulation  of  a  magneto  is  to  reduce  its  efficiency. 
In  the  future  a  determined  effort  should  be  made  to  con- 
sider the  magneto  and  its  location. 


Fio.  7 — Record  op  Operation  with  a  Starter  Coupling 


In  conclusion  I  wish,  therefore,  to  make  a  pba  for 
giving  the  matter  of  ignition  equipment  more  attention. 
Most  complaints  that  come  to  the  manufacturers  result 
from  either  improper  installation,  making  it  impossibb 
for  the  user  to  give  proper  attention ;  or  improper  atten- 
tion, owing  to  lack  of  information  on  the  part  of  the  user. 

Fig.   6  shows  the  advantage  of  the  starter  coupling 
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Fia.  6 — Records  Showing  the  Magneto  Operation  with  Starter 
Coupling  and  with  Rotary  Action 


THE    DISCUSSION 

Darwin  S.  Hatch  (M.  S.  A.  E.) :— What  difference  in 
the  spark  is  caused  by  change  of  polarity  ? 

Mr.  Zimmerman: — The  material  composing  the  spark 
arc  comes  from  the  electrode  and  is  converted  into  a 
vapor  by  the  heat  from  the  electric  current.  Although  it 
is  sometimes  thought  that  this  vapor  is  furnished  by  the 
negative  electrode,  it  is  in  reality  furnished  by  the  posi- 
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tive.  This  fact  is  evident  when  a  moving  electrode  fur- 
nishes the  arc  material,  as  the  characteristics  of  the 
spark,  when  the  hotter  electrode  is  rotated  from  the  sta- 
tionary electrode  point,  differ  from  those  of  a  spark  pro- 
duced with  the  cooler  electrode  as  the  rotating  member. 
In  the  latter  case  the  vapor  cannot  be  produced  as 
rapidly. 

In  airplane  engines  operating  at  high  speeds,  the 
cooling  of  the  spark-plug  is  a  very  important  factor,  for 
if  the  spark  energy  is  great  the  point  may  become  hot 
enough  to  preignite  the  fuel. 

0.  W.  A.  Getting  (M.  S.  A.  E.) :— It  is  true  of  mag- 
netos as  of  all  other  electrical  equipment  that  they  are 
thought  of  last.  The  sooner  engineers  agree  upon  the 
correct  application  of  electrical  equipment  to  tractors  and 
trucks,  the  better  it  will  be  for  all  concerned.  Most 
automobiles  now  employ  the  battery  system,  although 
some  still*  use  the  dual  system,  starting  on  the  battery. 

Chairman  Smith: — I  recall  a  case  where  metallic 
tubes  eliminated  difficulty  that  had  been. experienced  with 
fiber  tubes. 

Mr.  Zimmerman: — It  may  have  been  caused  by  the 
fact  that  cables  for  all  cylinders  were  bunched  closely  to- 
gether, thereby  causing  the  induction  of  static  currents 
in  the  cables  not  in  use  and  the  static  ignition  of  a  charge 
in  one  or  more  cylinders,  due  to  the  discharge  to  ground 
of  this  static  charge  over  the  gaps  of  the  plugs. 

Note  that  a  piston  when  beginning  to  act  has  a  charge 
under  low  compression,  though  ignitable,  and  that  the 
voltage  required  to  jump  the  small  gap  of  the  plug  in 
this  cylinder  is  far  less  than  that  required  under  full 
compression.  Hence  the  static  charge  may  ignite  this 
compressing  cylinder  and  cause  the  trouble. 

Now  with  a  metallic  tube  substituted  and  this  tube 
grounded  the  static  charge  in  the  wires  is  prevented  be- 
cause the  tube  absorbs  the  energy  and  conducts  it  to 
ground.  It  is  safe  to  say  that  in  such  a  case  as  this  the 
energy  of  the  sparks  after  installing  the  tube  of  metal 
would  be  less  than  if  each  cable  were  separately  inducted 
to  its  plug  and  kept  away  from  grounded  parts  on  the 
other  cables. 

A  Member: — ^What  is  the  ideal  spark  point? 

Mr.  Zimmerman: — I  wrote  a  paper  on  that  subject  for 
the  January,  1916,  issue  of  the  Gds  Review  outlining  the 
characteristics  of  different  spark-plugs  and  the  type  I 
recommended  at  that  time  as  the  ideal  spark-plug  has 
two  concentric  terminals  with  sharp  edges.  That  type 
is  now  being  employed  in  airplanes. 
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By  Ernest  Goldberger* 

A  couple  of  years  ago  a  study  of  the  cost  of  plowing 
with  tractors  would  not  have  been  of  any  practical  value. 
The  conclusions,  even  though  they  might  have  been 
drawn  in  the  most  logical  way,  would  have  been  theoret- 
ical, because  based  upon  theoretical  assumptions. 

During  the  last  few  years  the  line  of  tractors  has  been 
extended  until  now  we  have  on  the  market  practically 
any  size  of  tractor,  ranging  from  10  up  to  130  hp. ;  know- 
ing their  performances  and  prices,  the  requirements  on 
the  farm  and  the  manufacturing  problems — that  is,  all 
the  premises — it  is  possible  not  only  to  draw  correct  con- 
clusions as  to  present  conditions,  but  also,  what  from  a 
business  standpoint  is  more  important,  to  anticipate  the 
future  development. 

Many  students  of  this  problem  will  undoubtedly  say 
conditions  on  the  farms  are  so  different  as  to  the  quality 
of  soil,  size  of  farm,  kind  of  crop  and  hundreds  of  other 
things,  that,  everything  considered,  a  general  and  intelli- 
gent solution  of  the  problem  is  precluded,  while  without 
taking  everything  into  consideration  the  solution  cannot 
be  correct.  That  is,  at  least,  as  it  appeared  to  me  a 
couple  of  years  ago,  but  I  have  changed  my  mind  in 
the  meantime. 

One  way  of  attacking  the  problem  is  by  "national 
referendum";  that  is,  by  having  every  tractor  owner 
state  the  size  of  his  tractor  and  farm,  perhaps  also  the 
size  he  thinks  would  suit  him  better,  and  draw  the  con- 
clusion according  to  the  law  of  averages.  The  Depart- 
ment of  Agriculture  has  published  the  results  of  such 
an  investigation,  directed  by  A.  P.  Yerkes,  and  although 
based  on  different  methods  the  results  of  the  survey 
agree  with  the  conclusions  that  follow  the  thought  of 
this  study. 

In  the  following  I  shall  consider  three  sizes  of  tractor 
that  would  be  built  along  exactly  the  same  standards  of 
quality,  design  and  workmanship : 

A — Capable  of  pulling  two  14-in.  plows,  6  in.  deep, 
in  average  soil,  at  a  speed  of  2Vi  m.p.h.  This  would  re- 
quire about  9  hp.  on  the  drawbar. 

•Efficiency  Engineer.  Packard  Motor  Car  Company 
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B — Same  quality  traclor,  of  double  size,  pulling  four 
14-in.  plows,  6  in.  deep,  in  the  same  soil,  2%  m.p.h. 
speed.     Drawbar  18  hp. 

C — Twice  as  strong  as  B,  pulling  eight  14-in.  plows, 
6  in.  deep  in  the  same  soil.    Drawbar  86  hp. 

Estimated  Costs 

Since  there  is  today  no  doubt  in  the  mind  of  anybody 
familiar  with  the  tractor  problem  that  really  successful 
tractors  are  and  must  be  built  according  to  the  standards 
of  quality  adopted  by  truck  manufacturers,  I  shall  esti- 
mate the-  prices  as  follows :  , 

Initial  Coats 

Tractor  A,  $600;  Tractor  B,  $1,500;  Tractor  C,  $3,600. 
The  price  for  Tractor  A,  if  the  design,  material  and 
workmanship  be  first  class,  cannot  be  reached  unless 
quantity-production  methods  are  adopted.  For  100  per 
cent  increase  in  size  the  price  increases  160  per  cent  in 
my  estimates,  since  I  make  the  preliminary  assumption 
that  with  the  size  of  the  tractor  increasing  the  demand 
might  decrease  and  the  manufacturing  methods  to  be 
adopted  become  more  expensive. 

I  shall  not  consider  the  codt  of  plows  and  other  equip- 
ment, since  in  a  comparative  study  of  the  cost  of  plowing 
with  different  sizes  of  tractors  this  matters  very  little. 

Cost  for  Operator 

A  two-  and  a  four-bottom  tractor  and  plow  can  easily 
be  operated  by  one  man,  while  for  an  eight-bottom  tractor 
two  men  are  necessary;  not  for  lifting  and  lowering  the 
bottoms,  which  can  be  done  automatically,  but  for  clean- 
ing and  unclogging  the  plows,  which  would  mean  stop- 
ping the  machine  often  if  this  work  were  to  be  done  by 
the  man  steering  the  tractor. 

The  expense  for  operators  would  therefore  come  to  80 
cents  per  hour  for  the  two  and  four-plow  outfits,  and 
60  cents  for  the  eight-plow  outfit. 
» 

Fuel  Cost 

Experience  has  shown  that  the  fuel  consumption  of 
gasoline  tractors  per  horsepower  hour  changes  little  or 
none  with  the  size  of  engine,  provided  all  are  built  ac- 
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cording  to  the  same  standards  and  are  run  at  the  same 
percentage  of  load.  In  our  case,  the  cost  for  fuel  (and 
oil,  etc.)  should  be,  for  tractor  A,  25  cents  per  hour, 
tractor  B  50  cents  per  hour,  and  for  tractor  C  $1  per 
hour. 


Depreciation 

One  often  hears  the  statement  that  a  tractor  will  last 
five  or  six  years.  Such  a  statement  is  fundamentally 
wrong.  A  tractor,  or  any  machine  in  general,  depreci- 
ates because  of,  first,  the  wear  and  tear  of  the  machine, 
a  factor  altogether  independent  of  the  age  of  the  machine, 
the  only  thing  affecting  it  being  the  actual  working  hours; 
and  second,  the  obsolescence,  which,  on  the  contrary,  de- 
pends upon  the  age  of  the  machine  and  not  upon  the 
working  hours.  The  latter  factor  is  more  important  than 
the  first  in  automobiles  or  any  products  subject  to  change 
of  style,  but  with  utility  products  it  has  little  importance, 
unless  a  new  invention  changes  fundamentally  the  exist- 
ing conditions.  Yet,  even  among  automobiles,  the  Ford 
car,  model  T,  has  not  become  obsolete  after  ten  years  of 
use;  and  I  know  of  American  tractor  manufacturers  who 
have  not  improved  their  tractors  materially  since  1911-12, 
and  are  noW  selling  more  tractors  of  the  same  type  in 
a  month  than  they  made  all  told  up  to  1915,  while  some 
of  the  machines  they  sold  in  1912  are  still  "going  strong.'' 
Therefore,  it  is  appropriate  to  base  the  allowance  for 
depreciation  upon  the  total  actual  working  hours  of  a 
tractor,  provided  it  be  of  progressive  design,  and  not 
upon  total  life.  This  should  apply  satisfactorily  to  horses, 
or  any  draft  animals  whose  average  life  is  nearly  con- 
stant whether  they  work  or  not.  It  is  a  conservative 
estimate  to  say  that  tractors  of  modem  design,  of  any 
size,  will  be  good  for  only  about  4500  hours  of  plowing; 
this  would  give  a  tractor,  plowing  10  hours  a  day,  a  life 
of  5  years.  Should  the  tractor  plow  only  45  days  per 
year  its  life  would  then  be  10  years,  provided  no  other 
work  but  plowing  is  done.  This  estimate  is  safe,  since 
80  per  cent  of  its  value  has  already  been  figured  in 
the  item  for  wear  and  tear,  and  part  of  the  remaining 
20  per  cent  can  easily  be  recovered  by  the  sale  of  its 
high-grade  material  as  junk. 

For  tractor  A  the  depreciation  per  plowing  hour  can 
be  figured  at  600/4500  =  $0.13;  for  tractor  B  the  figure 
is  1500/4500  =  $0.33  per  plowing  hour;  for  tractor  C 
at  3600/4500  =  $0.80  per  plowing  hour. 
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Repairs  and  Interest 

These  two  factors  are  considered  together^  and  esti- 
mated at  6  per  cent  per  year  on  the  initial  price  of  the 
tractor.  Since  the  value  of  the  tractor  decreases  con- 
stantly, the  interest  on  this  value  also  decreases.  If  it  is 
assumed  that  the  tractor  will  last  6  years,  the  interest 
during  the  first  year  will  be  6  per  cent  on  the  price  paid ; 
the  following  year  it  will  be  6  per  cent  on  the  then 
value  of  the  tractor,  or  5  per  cent  of  the  total  initial 
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Hours  of  Plowing  per  Year 

Fio.  1 — ^Approximate  Cost  op  Plowing  per  Hour  for  Thrkb  Sizbb 

OF  Tractors 

A,  two-plow:  B,  four-plow,  and  C,  eight-plow 
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0      200  400    600   600    1000   1200  WOO   1600  1800  2000  2200  2400 
Hours  of  Plowing  per  Year 

FiQ.   2 — Approximate  Cost  op  Plowing  6  and  8  In.  Dbep  with 

Three  Sizes  op  Tractors 

A,   two-plow;  B,  four-plow;   C,   eight-plow.    Figures  above  curves 

show  number  of  acres  plowed  in  corresponding  time 

price ;  and  so  on.  The  allowance  for  interest  and  repairs 
being  6  per  cent  per  year  on  the  total  initial  price,  the 
result  is  that  no  repair  allowance  is  made  for  the  first 
year,  1  per  cent  of  total  initial  value  is  taken  for  the 
second,  2  per  cent  for  the  third,  and  so  on;  such  an 
estimate  corresponds  with  the  actual  conditions  as  they 
exist  with  tractors  of  modem  design. 

Comparison  of  Plowing 

Suppose  we  figure  every  one  of  these  items  for  the 
tractors  chosen  for  a  variable  number  of  actual  plowing 
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hours  per  year;  in  Fig.  1  the  abscissas  represent  the 
number  of  actual  plowing  hours  per  year,  and  ordinates 
the  cost  of  plowing  per  hour;  the  curves  marked  A,  B 
and  C  corresponjl  to  the  machines  above  mentioned. 

Fig.  1  does  not  give  a  final  indication  as  to  the  com- 
parative cost  of  plowing  with  the  different  sizes  of 
tractors,  but  is  used  in  making  Figs.  2  and  S.  Fig.  2 
gives  the  relation  of  cost  in  dollars  per  acre  to  the  num- 
ber of  hours  of  plowing.  Tractors  A,  B  and  C  are  sup- 
posed to  pull  2,  4  and  8  bottoms  respectively,  14  in.  wide, 
6  in.  deep,  at  a  speed  of  2.5  m.p.h.  It  is  assumed  that 
the  tractors  will  plow  only  85  per  cent  of  the  time  they 


6      120    240    360  4«0    600    720    640   960    1080  1200    1320  1440 
Acres  of  Plowing  per  Year 

Fitf.    8 CUBVm    FOE    SKJDCnNO    EOONOMIO-BIZBD    TRAGTOE    FOB    AjNT 

NuicBER  OF  Acres,  with  Time  Required  aiod  Cost 
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are  in  the  field,  15  per  cent  being  the  allowance  for 
turning  the  headlands,  oiling,  trouble,  etc.  The  area  actu- 
ally plowed  is  cSlculated  as  0.6,  1.2,  or  2.4  acres  per  hour 
respectively.  The  small  figures  along  the  curves  repre- 
sent the  number  of  acres  per  year  the  chosen  tractor 
would  actually  plow. 

From  Fig.  2  as  a  basis.  Fig.  3  has  been  dtawn,  and 
this  gives  the  final  information  we  are  after.  We  read 
the  area  to  be  plowed  in  a  year  on  the  abscissa,  follow 
the  ordinate  until  it  intersects  the  curve  representing 
the  A,  B  and  C  tractor,  and  then  at  the  left  we  read  on 
the  ordinate  the  cost  of  plowing  per  acre. 

If  we  have  to  plow  less  than  250  acres  per  year,  and 
not  deeper  than  6  in.,  the  tractor  with  9  db.hp.  plows  the 
cheapest;  for  anything  above  this  amount,  the  four-plow 
tractor  with  about  18  db.  hp.  is  the  cheapest  in  the  end; 
while  even  for  farms  so  large  that  one  four-plow  is  too 
small,  it  pays  better  to  have  two  four-plow  tractors 
than  one  eight-plow  tractor.  The  advantage  of  having 
two  smaller  powerplant  units  instead  of  one  large  one, 
or  the  matter  of  flexibility,  is  not  considered  at  all  in 
the  charts. 

Cost  of  Plowing 

The  chart  shows  much  more  than  this.  It  shows  how 
much  cheaper  the  plowing  is  if  there  be  much  of  it  to 
do,  or  in  other'  words  how  expensive  it  is  to  be  poor. 
There  are,  however,  two  ways  by  which  the  small  farmer 
can  compete  with  the  big  one  without  having  to  buy  his 
neighbor's  land :  by  deeper  plowing  and  by  plowing  early 
and  quickly.  To  meet  both  of  these  conditions  the  two- 
plow  tractor  will  give  way  to  the  larger  one;  in  fact, 
from  the  upper  curves,  representing-  the  cost  for  plowing 
8  in.  deep,  we  find  that  for  above  180  acres  of  plowing 
per  year  the  four-plow  tractor  is  the  cheapest.  For 
240  acres  of  plowing  per  year  the  four-plow  tractor  is 
only  a  little  cheaper  in  dollars  and  cents,  but  it  has  the 
advantage  that  it  performs  the  work  in  about  30  days 
instead  of  the  60  necessary  with  the  smaller  one. 

Increasing  the  Depth  of  Plovnng 

Now,  there  are  two  ways  of  making  a  tractor  intended 
to  pull  four  bottoms  6  in.  deep  plow  8  in.  deep.  First, 
by  hitching  three  plow  bottoms  instead  of  four;  second, 
by  leaving  the  four  on  and  plowing  at  a  speed  of  about 
1.9  m.^.h.,  which  every  tractor  should  have,  instead  of  at 
2.5  m.p.h.;  the  area  plowed  per  hour  and  the  cost  are 
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then  nearly  the  same.  In  fact,  there  is  a  great  advantage 
by  applying  the  first  method,  since  we  g^nnot  count  on 
using  the  full  power  of  the  tractor  continually  where  its 
efficiency  is  highest.  Hard  spots  on  the  land,  or  grades, 
will  be  overcome  by  shifting  to  the  low-speed  gear.  On 
the  other  hand,  with  a  two-plow  tractor,  intended  for 
plowing  6  in.  deep,  we  have  no.  other  choice,  if  extra 
expense  for  specially  narrow  bottoms  is  to  be  avoided, 
but  to  run  the  plows  8  in.  deep  on  low  speed  all  the  time. 

Author's  Conclusion 

Manufacturers  have  too  long  likened  the  tractor  prob- 
lems to  those  of  truck  manufacturing.  There  is  good  rea- 
son for  building  four  or  five  sizes  of  trucks  in  the  same 
plant.  Sometimes  a  B-ton  load  cannot  be  handled  by 
either  one  or  two  3-ton  trucks,  nor  is  it  economical  to 
run  a  3-ton  truck  with  a  1-ton  load;  but  in  plowing  the 
load  can  be  easily  adapted  to  the  full  power  of  the  tractor. 

It  is  important  to  note  that  a  conclusion  has  been 
reached  in  favor  of  the  four-plow  tractor,  although  the 
preliminary  assumption  was  made  that  the  two-plow 
tractor  will  probably  be  the  more  popular  type,  and  there- 
fore the  cheaper  to  manufacture.  But  since  we  have 
reached  the  conclusion  that  the  four-plow  outfit  is  the 
more  economical  it  can  be  expected,  owing  to  its  produc- 
tion in  large  quantities,  that  its  price  per  horsepower 
will  not  be  25  per  cent  higher  than  that  of  the  two- 
plow  outfit,  as  assumed  at  the  beginning  of  this  analysis, 
but  perhaps  even  lower. 
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ROLLING  RESISTANCE  OF  TRACTOR  WHEELS 
By  Amos  F  Moyer* 

Physicists  define  a  plastic  body  as  one  that  can  be 
molded  under  pressure,  recognizing  that  the  rate  at  which 
deformation  is  produced  often  affects  materially  the  plas- 
ticity of  the  substance.  Funk  &  Wagnalls'  New  Standard 
Dictionary  states  that  the  body  must  permit  "molding 
of  form,"  which  might  lead  to  the  assumption  that  the 
volume  is  to  remain  unaltered. 

The  freshly  tilled,  sandy,  black  loam  soil  used  for  the 
experiments  described  in  this  paper  is  not  only  capable 
of  molding  in  form  but  is  to  a  slight  degree  compressible 
as  well.  The  yielding  properties  of  the  soil,  however, 
appear  to  be  due  to  lateral  movement  under  vertical  pres- 
sure to  a  much  greater  extent  than  to  the  compression  of 
any  given  amount  into  smaller  volume. 

The  mathematical  derivations  which  it  was  desired 
to  verify  by  these  experiments  are  based  on  the  assump- 
tion that  soft  soil,  and  probably  other  plastic  materials, 
bear  up  a  unit  pressure  proportionate  to  the  depth  of 
depression.  This  is  equivalent  to  saying  that  the  total 
weight  borne  up  is  proportionate  to  the  volume  per- 
pendicularly inclosed  by  the  displacing  surface  in  actual 
contact  with  the  substance  and  below  the  surface  from 
which  the  substance  has  been  displaced.  In  the  case  of  a 
hard  cylindrical  body  rolling  on  a  level  plastic  surface, 
this  volume  consists  of  the  prismatic  half  segment  of  the 
cylinder  below  the  level  surface  and  on  the  forward 
side,  as  illustrated  in  Fig.  1. 

If  the  deforming  body,  instead  of  being  a  cylinder, 
were  rounded  upward  in  front  and  continued  flat  for 
some  distance  backward,  so  as  to  rest  in  contact  with  the 
bottom  of  the  track,  like  a  sled  runner  or  tracklayer 
tread,  the  supporting  volume  of  displacement  would  in- 
clude also  the  rectangular  prism  extending  backward  a 
distance  equal  to  the  flat  supporting  surface.  This  illus- 
trates the  much  greater  carrying  capacity  which  charac- 
terizes such  surfaces. 

Throughout  the  detailed  studies  and  experiments  thus 
far  conducted,  attention  has  been  confined  to  plain  flat- 

*  Experimental  En^ineerins:  Department.  University  of  Minnesota 
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tired  wheels  of  varying  weight,  width  and  diameter. 
Since  the  parabolic  area  (see  Fig.  1)  is  equal  to  2/3  ad 
the  law  already  outlined  for  a  cylindrical  bojdy  or  plain 
flat-tired  wheel  is  expressed  as  follows : 

W  =  %adFn  (1) 


Pig.    1 ILLUSTRATINQ    DEPRESSION    OF    SOII*    BY    TRACTOR    WHEEL 

where  W  =  weight  on  wheel,  pounds ; 

F  =  width  of  tire  face,  inches ; 

w  =  bearing  value  of  soil,  pounds  per  cubic  inch. 

But  since  a  =  R  sin  a  and  d  =  R  —  R  cos  a, 

W  =  %  Fn  (i?"  sin  a  —  i?  sin  a  cos  a) 

=  y^F  R'n  (sin  a  —  1/2  sin  2  a) 

W 

=  sin  a  —  V^  sin  2  a 


2/3  F^r^  "  ^ '^"^ —  ^^^ 

which  expresses  a  similar  law  in  terms  of  the  wheel 
dimensions  and  the  arc  a,  which  is  in  contact  with  the 
soil. 

According  to  the  principle  of  the  conservation  of  en- 
ergy, the  work  done  in  rolling  a  wheel  a  given  distance 
must  be  equal  to  th'at  expended  in  depressing  %he  soil 
over  the  same  distance.  This  fact,  expressed  mathemati- 
cally,t  results  in 

0  =  ^=3/4  tan  V2  a  (3) 

Here  P  represents  resistance  or  pull  (in  pounds)  required 
to  roll  the  wheel,  and  this  divided  by  the  weight  on  the 
wheel  is  G,  or  the  equivalent  grade.  This  is  the  per- 
centage grade  up  which  the  wheel  would  have  to  roll 

tThe  mean  unit  press.  =  W/FRsinat  =  2/3  max.  unit  press.  There- 
fore the  max.  unit  press.  =  3/2  W/FKsin  oc  and  varies  as  the  depth 
from  zero  at  the  surface.  The  work  per  unit  area  =  d  X  %  X  3/2 
W/FRaln  ^  and  the  work  of  depression  over  distance  I  with  resist- 
ance P  is  dFZ  X  3/4  W/FRsin  «  which  equals  PI  P/W  =  a/4 
a/ Rain  oc  =  3/4  siope  of  chord  =  3/4  tan  %  oc 
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without  friction  on  a  hard  surface  to  give  the  horizontal 
resistance  P.  The  term  %  tan  y<i  a,  or  three-fourths  of 
the  slope  of  the  chord  subten4ins:  the  arc  of  contact,  is 
a  considerably  smaller  quantity  than  some  of  the  cata- 
logs of  caterpillar  tractors  would  have  us  believe  for 
the  loss  in  rolling  a  round  wheel.  One  such  catalog  gives 
41%  per  cent  equivalent  grade  for  a  6-ft.  wheel  sunk 
in  the  soil  3  in.,  whereas  the  law  just  derived  gives  15.6 
per  cent. 

In  the  left-hand  member  of  (2),  the  factors  in  the  de- 
nominator other  than  n  are  evidently  proportionate  to 
the  cylindrical  volume  of  the  wheel,  which  we  may  call 
Q.  Throughout  the  calculations  this  has  been  expressed 
in  cubic  feet,  so  that  W/Q,  which  is  designated  as  S,  or 
specific  load,  is  written  in  pounds  weight  per  cubic  foot 
of  wheel  volume.  The  .mathematical  proof  that  the^  rela- 
tion between  S  and  G  is  fixed,  whenever  n  remains  con- 
stant, is  as  follows: 

^  =  S  =  /(a) 

From  (2) 


w 

kR'F 

=  % 

w(sina- 

—  V^sin2a)i 

nand 

also 

;-= 

/'(*) 

Prom  (3) 

Therefore  when  n  is  constant  G  has  a  fixed  relation  to  S, 
I  am  indebted  to  Profs.  W.  E.  Brooke  and  C.  F.  Shoop, 
each  of  whom  made  an  independent  solution  eliminating 
a  from  equations  (2)  and  (3)  for  the  expression  of  the 
exact   relation  between  these  quantities,  which  is: 

_  281,440ffn 
(16G'4-9)' 

281,440G*  (4) 

Experimentally  it  has  been  easy  to  determine  S  and  G 
so  that  equation  (4)  has  been  very  useful  in  studying 
the  values  of  n. 

It  can  be  shown  that  cosa  =   y/2F/FWn  —  1  and 
d  —  R  —  R  cos  a,  so  that : 


d 


V2P 
Fn 


(6) 
p  =  y^dPFn  (6) 
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This  interesting  deduction  results  in  equation  (5)  ex- 
pressing depth  of  depression  and  (6)  expressing  resis- 
tance. Such  a  simple  expression  as  (6)  seems  almost  un- 
canny when  we  realize  that  if  we  know  enough  about  the 
soil,  that  is,  if  we  know  n  we  can  tell  the  resistance  of 
a  wheel  if  we  never  have  Been  anything  but  its  track. 

Recording  Dynamometer  Built 

-  Desiring  to  yerify  some  of  these  deductions,  it  seemed 
necessary  to  provide  a  course  where  conditions  could  be 
as  quickly  and  as  nearly  duplicated  as  possible  in  order 
to  obtain  a  large  number  of  comparable  readings.  The 
only  condition  possible  for  quick  duplication  seemed  to  be 
freshly  tilled  soil,  making  possible  the  repeated  use 
of  one  and  the  same  bed.  This  condition  at  once  sug- 
gested the  use  of  a  stationary  dynamometer,  which  would 
measure  the  pull  required  to  move  loaded  wheels  by 
means  of  ropes.  Knowing  the  value  of  averages  for  such 
readings,  a  recording  dynamometer.  Fig.  2,  was  designed 
and  constructed. 

Here  the  rope  r  is  shown  leading  in  from  the  left  hori- 
zontally as  in  pulling  a  wheel.  The  sheave  A  is  mounted 
on  the  vertical  strut  B,  which  in  turn  is  pivoted  opposite 
the  lower  sheave  C  in  such  a  position  that  when  C  is 
driven  at  the  required  speed  the  rope  in  passing  down- 
ward is  parallel  to  B.  This  portion  of  the  rope  therefore 
produces  no  rocking  reaction  in  B,  while  the  horizontal 
portion  exerts  a  force  P,  which  is  transmitted  to  the 
flexible  tension  member  D.  The  right-hand  end  of  I>  is 
wrapped  over  the  top  of  the  shaft  E.  This  shaft  termi- 
nates at  both  ends  in  small  diameter  trunnions  which  rest 
on  the  periphery  of  the  large  rollers  F,  thus  greatly  re- 
ducing the  friction.  Upon  E  is  mounted  the  pendulum 
•G,  the  hoj^izontal  displacement  of  which  will  be  pro- 
portionate to  the  pull  P  in  the  rope. 

On  one  extremity  of  E  is  mounted  the  crank-arm  H, 
to  which  is  pivoted  the  arm  /.  The  lower  extremity  of  / 
is  attached  to  a  link  and  constrained  to  move  only  in  a 
vertical  line,  so  that  pencil  J  at  the  upper  end  of  /  de- 
scribes a  straight  horizontal  line  after  the  manner  of  the 
Thompson  indicator  pencil  motion.  Since  H  is  in  line 
with  pendulum  G,  the  recording  pencil  J  will  move  hori- 
zontally always  in  fixed  proportion  to  the  pull  P.  To 
damp  the  oscillations  of  the  pendulum  a  loose-fitting  oil 
dash-pot  is  provided  as  shown. 

The  recording  paper  feed  is  driven  by  the  ascending 
rope  passing  over  a  large  transverse  sheave,  which  in 
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turn  is  geared  to  the  recording  drum  so  that  Va  in.  on 
the  record  represents  1-ft.  movement  of  the  rope.  Two 
interchangeable  pendulum  weights,  one  of  lead  and  pne 


Fio.   2 — D1AORAMMA.TIC   LiATOUT  OF   Recording   Dtnamombtkr 

of  cast  iron,  have  been  employed,  giving  record  scales  of 
80  and  40  lb.  per  inch  respectively.  With  the  lead  weight 
the  dynamometer  will  record  pulls  up  to  250  lb. 

Fig.  3  shows  a  typical  record.  The  peak  wave  at  the 
left-hand  end  is  caused  by  the  inertia  effect  at  starting 
the  wheel.  A  portion  of  the  record  is  selected  represent- 
ing average  conditions  and  the  area  determined  by  the 
planimeter  over  a  measured  length,  thus  establishing  the 
average  puIL 


Fig.  3 — Typical  Dtnauombtbr  Record 

The  soil  bed  employed  was  at  first  S^^  ft.  wide — later 
widened  to  5  ft. — ^and  8  in.  deep,  of  sandy  black  loam 
with  only  sufficient  moisture  to  avoid  dust  and  "ball" 
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slightly  when  compressed  in  the  hand.  A  pair  of  wheels 
were  mounted  rigidly  on  a  shaft  with  two  ropes  leading 
to  the  dynamometer.  These  ropes  were  permitted  to 
unwind  from  the  shaft  as  the  wheels  advanced,  thus 
eliminating  bearing  friction.  Wheels  were  easily  inter- 
changed, and  increments  of  load  were  obtained  by  fasten- 
ing weights  to  the  wheels  in  any  balanced  position. 

Early  Experiments 

The  deductions  regarding  G  and  S  were  suspected  be- 
fore they  were  proved,  so  that  we  early  began  seeking 
for  the  relation  between  the  two  quantities.  While  the 
studie/  have  not  yet  resulted  in  mathematical  expres- 
sions for  all  variables,  we  believe  that  the  time  devoted 
to  them  has  been  of  great  profit.  On  first  thought  it  was 
not  anticipated  that  n  would  be  anything  but  constant 
'  for  a  given  soil  condition,  so  that  S  and  G  of  equation 
(4)  would  always  be  plotted  as  a  single  line. 

For  a  considerable  number  of  the  earlier  tests  these 
quantities  did  fall  close  to  the  same  line,  but  at  slow, 
speed,  in  the  vicinity  of  20  ft.  per  min.,  with  the  heaviest 
wheels  moving  somewhat  more  slowly,  there  were  un- 
accountable variations.  The  fact  that  the  readings  taken 
with  the  heavy  wheels  did  not  check  with  the  rest  of  the 
readings  led  to  the  conclusion  that  velocity  was  the 
disturbing  factor. 

Before  this  conclusion  was  reached,  however,  some  in- 
teresting studies  were  made  on  the  law  of  three-quarters 
slope  with  relation  to  G  as  expressed  in  equation  (3), 
and  also  on  values  of  n  determined  from  actual  dis- 
placement. 

Two  wheels  of  33%-in.  diameter  and  4%-in.  face,  set 
13  V^  in.  between  tires,  were  drawn  through  the  freshly 
spaded  and  leveled  soil  bed  at  about  20  ft.  per  min. 
for  light  loads,  but  at  lower  velocities  for  heavy  loads. 
An  attempt  was  made  at  first  to  determine  the  depres- 
sion by  scaling  the  track  after  the  wheels  had  passed 
over.  By  this  method  only  a  fair  check  of  the  law  of 
three-quarters  slope  was  obtained,  but  values  of  n  calcu- 
lated from  displacement  varied  as  much  as  300  per  cent. 
It  became  evident  that  the  track  was  not  the  true  level 
to  which  the  wheel  sank  in  passing  over  the  soil.  Next 
a  series  of  20  swinging  stops  was  arranged,  above  the 
course  so  that  as  the  wheels  passed  beneath,  each  stop 
would  be  pushed  up  to  and  left  at  a  point  marking  the 
position  of  the  tire  of  the  moving  wheel.  In  this  way 
it  was  proved  that  the  bottom  of  the  track  is  higher  than 
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the  lowest  point  of  the  tire.  The  amount  of  this  dif- 
ference was  measured  as  carefully  as  possible,  taking 
into  account  several  allowances  for  inaccuracies  of  hastily 
constructed  apparatus,  and  from  these  data  the  gratify- 
ing check  on  the  law  of  three-quarter  slope  expressed  in 
equation  (3)  was  obtained,  ranging  from  0.726  to  0.777 
for  the  value  of  three  fourths  in  the  formula.  Values  of 
n  also  became  much  more  nearly  constant,  ranging  from 
4.28  to  6.27.  Subsequently  it  became  evident  that  this 
variation  was  probably  caused  by  diminished  velocity  at 
the  heavier  loads. 

Varying  Velocities 

Fig.  4  illustrates  the  amount  of  labor  involved  in  mak- 
ing a  comprehensive  study  of  the  effect  of  velocity  on 
the  resistance  of  a  single  size  of  wheel.  For  each  point 
or  observation  it  was  necessary  to  spade  up  by  hand  the 
entire  3V^  by  25-ft.  course.  Fig.  4  shows  the  resistances 
obtained  for  a  pair  of  wheels,  24%-in.  diameter  by  6^-in. 
face,  pulled  at  varying  velocities  with  six  increments  of 
load.  The  lines  show  clearly  that  resistance  increases 
with  velocity  for  each  weight  on  the  wheels,  and  that 
this  increase  is  somewhat  more  rapid  with  heavy  loads 
than  with  light  loads.  All  these  lines  when  produced 
were  found  to  intersect  at  the  left  in  a  common  point 
representing  zero  resistance  and  a  negative  velocity  of 
1013  ft.  per  min.  or  minus  159.4  r.p.m.    The  full  meaning 
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of  this  is  difficult  to  comprehend,  but  the  fact  is  never- 
theless of  value  to  us  in  making  deductions. 
.  By  reading  off  the  intersections  on  any  ordinate 
representing  a  desired  speed,  values  for  P  will  be  de- 
termined of  greater  accuracy  than  if  the  readings  were 
taken  at  precisely  that  speed,  since  the  variation  of 
points  from  the  line  indicates  the  considerable  error  in 
a  large  proportion  of  the  individual  readings. 

From  the  theoretical  equation  (4)  giving  n  in  terms 
of  S  and  G,  and  the  values  determined  from  intersec- 
tions, it  was  ascertained  that  the  value  of  n  remained 
virtually  constant  for  each  speed,  but  varied  for  differ- 
ent speeds.  It  was  by  use  of  the  average  value  of  n 
obtained  from  the  other  lines  on  this  plate  that  the 
lower  line  was  dropped  below  the  points  of  observation, 
assuming  that  there  had  been  some  undetected  error  in 
these  readings. 

Fig.  5  represents  results  from  the  intersection  readings 
at  205  ft.  per  min.  or  2>^  m.p.h.  after  the  values  have 
been  converted  to  S  and  G,  specific  load  and  equivalent 
grade.  The  six  points  shown  correspond  to  constant 
values  of  n,  and  the  curve  produced  to  the  origin  is  ob- 
tained by  substituting  this  same  value  in  the  theoretical 
equation.  As  the  general  form  of  this  curve,  which  may 
be  called  a  characteristic,  suggests  the  parabola,  a  de- 
termination was  made  by  trial  of  the  parabola  having 
the  analytic  form  y^  =  2pz  +  a,  which  most  nearly  cor- 
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Dotted  line  shows  relation  of  S  to  G,  based  on  parabolic  equation  7 
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responds  to  the  actual  curve  throughout  the  practical 
range  of  values.  This  parabola  is  shown  by  the  dotted 
line,  which  coincides  with  the  full  line  throughout  the 
right-hand  part  of  the  field,  and  probably  for  some  dis- 
tance beyond.  The  equation  of  this  parabola,  which  ex- 
presses G  in  terms  of  two  constants  and  the  square  root 
of  S,  is  as  follows: 


G=  0.0175VS  +  0.060 


(7) 


Since  S  is  weight  per  cubic  foot  of  wheel  volume,  the 
equation  may  be  rewritten  with  a  constant  divided  by  the 
diameter  outside  of  the  radical,  and  weight  per  inch  of 
tire  face  under  the  radical,  giving  a  simple  formula  for 
G  in  terms  of  weight  and  wheel  dimensions.  Unfortu- 
nately however  this  formula  cannot  be  universally  ap- 
plied, as  will  be  shown  later. 

When  readings  are  taken  at  different  ordinates  repre- 
senting increments  in  velocity,  values  of  n  will  be  ob- 
tained, each  of  which  gives  a  different  characteristic  curve 
corresponding  to  the  speed.  Fig.  6  shows  this  series  of 
curves  determined  from  the.  same  data  obtained  from  the 
24^-in.  by  6^-in.  wheels.  Each  of  the  lines  represents 
a  certain  velocity  corresponding  to  a  different  value  of  n. 
Since  n  to  the  first  power  is  the  common  factor,  the  varia- 
tion t)f  which  shifts  the  position  of  the  curve,  we  may 
divide  through  by  this  and  plot  G  against  S/n  when  all 
the  curves  unite  into  a  single  line.  Fig.  7. 

Here  are  represented  seven  different  velocities  and 
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six  different  weights,  or  forty-two^  possible  values,  all  of 
which  fall  on  the  same  line.    In  tlie  theoretical  equation 


281,440(? 


n      (l6(?  +  9)* 


(8) 


it  is  evident  that  if  the  right-hand  member  can  be  ap- 
proximately written  as  an  exponential  of  G,  it  will  be 
possible  to  express  G  in  terms  of  S/n,  To  accomplish 
this  the  points  were  transferred  to  logarithmic  plotting 
paper,  giving  the  straight  line  shown  in  Fig.  8.  This 
gives  the  following  approximate   exponential   equation 


G  =  0.0588 


S\  •••" 


(I) 


(9) 


which  is  universally  applicable  for  values  of  S/n  be- 
tween 10  and  100,  provided  n  is  known  for  the  conditions 
obtained.  If  S  were  expressed  in  pounds  per  cubic  inch 
of  wheel  volume  instead  of  pounds  per  cubic  foot,  the 
value  of  the  constant  0.0588  would  of  course  be  altered. 
Since  n,  the  displacement  value  of  the  soil,  is  already 
given  in  pounds  per  cubic  inch,  the  parenthesis  S/n 
would  then  become  a  mere  ratio  of  specific  wheel-load  to 
displacement  value.  On  ordinary  plotting  paper  values 
of  S/n  between  100  and  300  have  nearly  a  straight-line 
relation  to   G,   as   represented  by  the  equation 

G  =  0.00140S/n  +  *0.210  (9a) 
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The  laws  concerning  the  values  of  n  are  not  yet  com- 
pletely ascertained.  As  shown  in  the  data  from  this 
individual  pair  of  wheels,  n  varies  with  the  velocity. 
This  relation  was  determined  for  the  case  and  plotted 
in  Fig.  9.  The  slight  curvature  and  downward  slope 
would  indicate  that  n  probably  becomes  zero  at  high  or 
infinite  velocities.  On  the  other  hand  there  were  indica- 
tions of  zero  resistance  to  rolling  at  a  velocity  of  minus 
1013  ft.  per  min.,  corresponding  to  infinite  values  of  n, 
which  was  therefore  plotted  on  logarithmic  paper  against 
1013  plus  velocity.  Fig.  10  shows  this  to  be*  another 
straight  line  in  a  position  representing  the  following  hy- 
perbolic function  equation : 


n  = 


74,990,000 
(1013 +  y)'*" 


(10) 


Varying   Diameter 

But  this  expression  for  n  was  determined  from  the 
same  single  pair  of  wheels,  where  one  or  more  lines  had 
been  "doctored"  to  make  n  uniform  for  each  speed. 
While  a  fair  check  has  been  obtained  from  other  widths 
of  the  same  diameter,  other  diameters  show  a  consistent 
variation.  A  pair  of  larger  diameter,  33%  by  4%  in., 
not  only  gave  different  values  of  n  at  corresponding 
speeds,  but  at  any  given  speed  there  was  also  a  con- 
sistent increase   in  n  with   increments  of  load.     This 
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seemed  to  indicate  that  the  packing  of  the  soil  under  a 
larger  diameter  of  wheel  was  of  such  a  nature  as  to 
cause  a  continually  increasing  amount  to  be  borne  up  per 
cubic  inch  displaced  with  increasing  loads.  If  this  was 
:true  of  a  wheel  largef  than  24%  in.,  would  the  reverse 
be  true  of  a  smaller  wheel?  Trial  with  a  pair  of  wheels 
of  only  15%-in.  diameter  proved  that  with  increasing 
-loads  decreasing  values  of  n  were  obtained  at  any  speed. 
This  indicated  another  law  as  affecting  the  value  of  n, 
it  appearing  that  only  one  diameter  would  give  a  constant 
n  for  each  speed. 

One  or  more  lines  on  Fig.  4  did  not  coincide  well 
with  the  points  obtained  in  the  tests  on  the  24%-in. 
wheels,  and  it  was  found  after  making  corrections  that 
there  was  also  a  variation  in  this  case  in  one  respect 
similar  to  that  found  with  both  the  other  diameters. 
Instead  of  the  lines  representing  constant  n  being  true 
ordinates,  as  assumed  in  Fig.  4,  they  were  found  to  be 
curved  and  concave  to  the  left,  being  tangent  to  the 
vertical  at  about  half  their  height. 

The  15%-in.  wheels  gave  lines  of  con^ant  n  concave 
to  the  left  but  sloping  backward,  while  the  33%-in.  wheels 
gave  similarly  concave  lines,  but  sloping  forward.  Ap- 
parently larger  diameters  will  give  these  lines  more 
nearly  flat,  but  curved  in  the  same  direction.  The  nature 
of  the  curves  obtained  are  such  as  to  render  a  mathe- 
matical representation  difficult.  Each  line  of  constant  n 
for  large  wheels  is  relatively  flat  at  the  left  aAd  curves 
upward  more  rapidly  at  the  right.  With  all  wheels  of 
larger  size  than  about  24  in.,  increments  in  d'ameter 
have  not  only  the  effect  of  increasing  the  volume  of  the 
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wheel  and  reducing  S  but  also  of  increasing  the  vjdue 
of  n,  so  that  S/n  is  materially  reduced,  and  hence  also  the 
value  of  G  as  expressed  in  equation  (9).  This  argument 
then  favors  large  diameter  for  load-carrying  wheels. 

As  regards  the  variation  in  resistance  with  change  in 
velocity,  it  is  encouraging  that  wheels  of  different  diam- 
eters show  coherent  results  in  the  point  of  intersection  o£ 
the  produced  resistance  lines,  as  referred  to  on  Fig.  4. 
This  intersection  occurs  at  zero  resistance  and  minus 
159.4  r.p.m.  for  all  wheels,  the  value  of  1013  ft.  per 
min.  applying  only  to  the  24l^-in.  diameter.  It  there- 
fore appears  that  there  remains  one  important  law 
which  it  is  not  yet  possible  to  write  mathematically, 
namely,  the  variation  of  n  with  wheel  diameter  and  depth 
of  tillage.  When  this  can  be  done  it  will  be  possible  from 
the  foregoing  to  express  a  general  wheel-resistance 
formula  involving  the  ordinary  variables  in  a  manner 
convenient  for  practical  use. 

After  all  of  these  determinations  for  the  value  of  n 
are  made,  it  may  be  asked  whether  the  values  actually 
represent  weight  borne  up  per  cubic  inch  of  soil  dis- 
placed, or  merely  a  hyxwthetical  "something"  which  will 
satisfy  a  complicated  equation.  In  obtaining  data  on 
the  actual  displacement  of  soil,  there  was  no  means  at 
hand  for  ascertaining  the  "wave"  action  in  front  of  the 
advancing  wheel,  merely  the  volumes  being  calculated 
which  were  below  the  original  soil  surface.     Actually 
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this  wave  action  plus  the  movement  of  the  small  bank  of 
loose  earth  which  always  forms  in  immediate  contact 
with  the  tire  effect  a  greater  virtual  displacement  than 
would  be  obtained  by  the  method  last  described  and  hence 
a  smaller  value  of  n.  This  is  also  what  is  obtained  by 
the  mathematical  determination  of  n  from  S  and  G. 
Thus  we  see  ths^t  the  mathematical  determination  of  n 
takes  into  account  several  variables  which  would  be  dif- 
ficult to  determine  by  measurement.  When  the  laws  of 
variation  of  n  are  once  determined,  the  values  thus  es- 
tablished will  give  true  values  of  resistance,  since  re- 
sistance is  the  quantity  whence  they  were  derived. 

In  many  theoretical  solutions  of  engineering  problems, 
quantities  are  encountered  which  make  difficult  the 
mathematical  expression  of  exact  relations,  and  short 
cuts  based  on  experiment  are  often. expedient.*  Fig.  11 
shows  directly  the  experimental  results  from  the  three 
sizes  of  wheels  previously  discussed.  From  these  curves 
of  P  against  W  at2yi  m.p.h.  some  interesting  deductions 
can  be  made. 

Using  any  desired  increments  in  weight  per  inch  of 
tire  face,  the  total  load  W  and  resistance  P  can  be  de- 
termined, and  hence  also  G,  which  equals  P/W,  These 
values  independently  determined  for  each  wheel  size  are 
plotted  against  diameter  in  Fig.  12.  Up  to  date  we  have 
only  three  points  of  observation  on  these  curves  and  in 
several  instances  but  two.    It  seems  reasonable  to  expect. 


50      100     150    200    250    300    550    400    450    500     550    WO    650    700    750 
Weight  (W)  on  Wheel.  Pounds 


Fig.   11- 


-Rblation  of  TV  to  P  for  Thrsb  Sits  or  Whbb.8 
AT  Spbbd  of  206  Ft.  per  Min. 


Digitized  by  VjOOQIC 


ROLLING  RESISTANCE  OF  TRACTOR  WHEELS 


419 


~"~ 

n 

70 

f/f, 

60 

f«. 

L 

-« 

% 

f^' 

\ 

— ^ 

».x 

o  50 
ex 

V 

A 

V 

\] 

L#*f 

^ 

K 

\ 

\ 

V\ 

X- 

SO 

^40 

\ 

\ 

> 

L 

0 

\ 

% 

g 

s. 

\ 

\ 

\ 

>s 

<o  30 

\ 

>t 

\ 

s^ 

^ 

^ 

• 

\ 

s. 

\ 

s 

^ 

<:: 

^ 

•^ 

\ 

V. 

s 

^ 

^ 

^ 

^ 

5-: 

U 

" 

i 

^ 

10 

° 

D 

1 

0 

1 

5 

2 
D 

0 

lam 

2 
ete 

5 

r  In 

I 
ln< 

0 

55 

40 

"45 

50 

Fig.  12 — ^Rjelations  of  Equiyalbnt  Orads  and  Wheel  Diameters 
Speed  205  ft  per  min.   Various  weights  per  inch  of  tire  face  iW/F) 

however,  that  these  lines  are  of  a  quasi-hyperbolic  na- 
ture, as  we  would  expect  G  to  diminish  with  large  di- 
ameters and  to  increase  rapidly  with  absurdly  small 
wheels  if  the  weight  per  inch  of  tire  face  were  kept  con- 
stant. A  chart  of  this  kind  when  completelydetermined 
over  wide  ranges  of  diameter  and  load  will  in  many  re- 
spects be  as  useful  as  a  theoretically  correct  formula. 
Indeed,  it  may  be  found  possible  to  develop  an  empirical 
formula  representing  approximately  this  series  of  lines. 
At  the  present  time  this  possibility  does  not  seem  as  re- 
mote as  does  the  mathematical  expression  of  n  in  terms 
of  diameter  and  load. 

Author's  Conclusion 

All  tests  to  date  have  been  conducted  on  the  same  soil 
in  approximately  the  same  condition.  There  are  unavoid- 
able differences  between  readings,  which  necessitate 
averaging  the  results  from  several  runs  or  taking  the 
data  from  intersections  of  mean  lines  in  the  manner  al- 
ready described.  The  results  from  the  spading  done  by 
no  two  men  will  agree,  and  the  same  man  cannot  often 
check  himself.  But  nevertheless  the  author  feels  that 
the  proof  of  the  lav^  which  exist  between  the  quantities 
involved  will  be  of  the  utmost  assistance  when  supple- 
mented by  such  actual  field  data  as  can  be  made  uni- 
versally applicable  to  the  needs  of  engineers. 
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THE   DISCUSSION 

E.  F.  NoRELius: — Investigations  of  this  kind  will  be  of 
considerable  value  in  enabling  tractor  engineers  to  com- 
pare results  obtained  with  different  methods  of  drive, 
without  actually  making  extensive  field  tests,  although  it 
would  be  necessary  to  make  some  preliminary  tests. 

With  a  proper  foundation,  however,  it  is  possible  to 
develop  the  relations  between  different  functions.  In 
this  connection  I  have  had  in  mind  a  different  manner 
of  analyzing  the  forces  involved.  Referring  to  Fig.  1 
of  Mr.  Moyer's  paper  and  using  the  same  letters,  I  have 
assumed  that  the  ground  pressure  under  the  wheel  must 
be  normal  to  the  surface  of  the  wheel  at  all  times,  and 
that  the  bearing  value  (n)  of  the  soil  is  proportionate 
to  the  depression  of  the  soil.  To  simplify  the  problem 
apd  readily  analyze  the  forces,  the  half  segment  bounded 
by  the  lines  a  and  d  and  the  circular  portion  of  the  wheel 
may  be  considered  as  filled  with  a  liquid,  whose  density 
per  cubic  inch  equals  n.  This  liquid  will  produce  pressures 
on  the  inside  of  the  rim  exactly  equivalent  to  the  ex- 
terior pressures,  and  therefore  will  bear  all  forces  which 
previously  were  in  the  rim  when  it  was  in  contact  with 
the  ground.  The  value  of  P  will  then  be  equal  to  the 
horizontal  components  of  the  pressure  of  the  liquid  on 
the  rim,  which  is  equal  to  the  pressure  of  the  liquid  con- 
centrated on  the  element  d.  The  unit  pressure  at  the 
lowest  point  of  the  wheel  equals  dn,  therefore, 

p  =  1/2  (P  Fn  (a) 

The  weight  supported  by  the  wheel  rim  is  equal  to 

the  weight  of  the  liquid  which  we  have  put  into  the 
rim,  or, 

W  =  AFn  (b) 

where  A  represents  the  area  of  the  half  segment  of  the 
circle  below  the  ground. 

In  the  equations  (a)  and  (b),  we  have  a  value  of  P 
and  of  W.  The  value  of  P  agrees  with  equation  (6) 
of  Mr.  Moyer's  paper,  which,  so  far  as  the  wheel  is 
concerned,  is  dependent  upon  the  depth  of  depression  and 
the  f ac0,  and  which  we  can  readily  see  is  correct,  as  the 
work  done  with  a  certain  depth  of  depression  of  the 
wheel,  with  certain  ground  conditions,  is  dependent  en- 
tirely upon  how  fast  we  travel  ahead.  From  the  above, 
we  can  determine  a  value  of  G  or  equivalent  grade: 


Digitized  by  VjOOQIC 


ROLLING  RESISTANCE  OF  TRACTOR  WHEELS  421 

I  have  not  had  the  opportunity  to  check  the  above  value 
of  W  and  of  G  with  the  equation  derived  by  Mr.  Moyef. 
I  believe  that  my  analogy  in  connection  with  the  use  of 
the  liquid  is  correct  aiid  gives  a  very  simple  method  of 
analyzing  the  various  functions. 

A.  W.  ScARRATT  (M..  S.  A.  E.) : — The  investigation 
carried  on  by  I^rofessor  Moyer  is,  I  believe,  along 
correct  lines,  and  when  embodied  in  simple  formulas 
should  prove  very  useful.  These  investigations  should 
by  all  means  be  continued,  as  the  really  valuable  in- 
formation is  still  to  be  obtained.  Future  experiments 
with  tractors  of  known  mechanical  efficiency  should  be 
conducted  in  the  field  with  a  view. to  determining  the 
coefficients  of  traction  of  smooth  wheels  on  various  soils 
and  also,  in  each  case,  the  limit  of  tractive  effort  under 
given  soil  conditions  for  wheels  equipped  with  va,rious 
types  of  cleats  and  grouters,  when  working  under  loads. 
The  increased  resistance  to  roUing  of  wheels  equipped 
with  cleats  or  grouters  of  various  forms  should  also  be 
determined. 

These  experimehts  should  be  ^conducted  in  the  open, 
under  the  guidance  of  a  committee  of  engineers,  by  men 
paid  to  devote  their  fime  to  this  work.  Even  when  done 
in  this  way  considerable  time  will  be  required  to  obtain 
all  of  the  data.  The  data  would  be  very  valuable  to  the 
various  universities,  and  their  financial  assistance  should 
be  solicited. 

L.  F.  Seaton  (M.  S.  a.  E.)  : — Tractors  being  a  com- 
paratively new  development  in  the  automotive  Industry, 
little  is  as  yet  known  of  their  actual  performance  under 
varying  conditions.  The  work  conducted  by  Professor 
Moyer  is  another  step  in  the  advancement  of  this'  new 
engineering  phase.  Such  work  should  be  encouraged 
not  only  because  of  its  scientific  importance,  but  also 
because  of  its  significance  in  the  future  development  of 
the  tractor. 

Professor  Moyer  has  shown  conclusively  that  the 
resistance  between  wheels  and  the  soil  increases  with 
velocity,  the  rate  of  increase  being-' somewhat  more 
rapid  with  heavy  loads  than  with  light  loads.  Lines 
plotted  to  represent  the  relation  of  speed  to  the  re- 
sistances, for  weighted  wheels  under  varying  conditions 
were  shown  to  intersect  at  a  point  of  zero  rt^sistance  and 
a  speed  (expressed  in  revolutions  per  minute)  of  a 
definite  negative  quantity  for  all  wheels.  Of  course  it 
is  difiicult  to  comprehend  the  full  meaning  of  such  re- 
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suits.  Whether  they  actually  represent  practical  data 
or  merely  hypothetical  results  that  may  be  verified  mathe- 
matically is  as  yet  to  be  determined.  That  the  bearing 
value  of  the  soil  is  dependent  upon  the  speed  and  diame- 
ter of  a  wheel  was  another  interesting  result  verified  by 
these  investigations. 


GEARS  FOR  TRACTORS 

By  A  W  SCARRATT* 

The  problem  of  gear  teeth  is  one  of  the  biggest  that 
we  have  in  machine  design.  To  be  sure  it  has  had  no 
small  amount  of  investigation,  but  it  is  still  in  a  chaotic 
state.  Real  data  of  an  engineering  nature,  which  are 
still  lacking,  would  be  of  great  value  to  all  concerned  with 
gearing  problems  and  would  aid  greatly  in  conserving 
valuable  material. 

The  subject  will  be^  treated  mainly  as  it  applies  to 
tractor  engineering  problems,  but  first  let  us  briefly 
consider  the  modem  automobile  and  its  transmission. 
About  95  per  cent  of  the  time  that  the  automobile 
is  in  use,  the  power  is  delivered  directly  to  the  differen- 
tial gear,  the  transmission  gears  not  being  called 
upon  to  transmit  power.  During  the  remaining  5  per 
cent  of  the  time  the  transmission  is  required  to  deliver 
this  power.  Therefore,  the  actual  period  of  use  to  which 
the  transmission  is  put  is  exceedingly  small,  when  com- 
pared with  the  actual  life  of  the  car.  Even  during  this 
time  it  is  very  seldom  required  to  transmit  the  full  power 
of  the  engine.  It  is  because  of  these  conditions  that  auto- 
mobile transmissions  can  be  built  so  lightly. 

Automobile  versus  Tractor  TRANS^nssiONS 

The  materials^and  workmanship,  no  doubt,  are  excel- 
lent, but  the  factor  of  safety  is  low  when  figured  for  full- 
load  torque,  and  the  factor  of  wear  is  still  lower.  The 
contrast  is  certainly  great  between  these  conditions  and 
the  demands  put  upon  tractor  transmissions  and  gears. 


*Tractor  Engineer.  Minneapolis  Steel  and  Machinery  Company 
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A  tractor  will  be  used  for  approximately  1000  to  1500 
hours  in  a  year's  time,  which  is  about  three  times  as  long 
as  the  automobile  is  used,  if  driven  8000  miles  in  a  year's 
time,  and  the  transmission  is  required  to  deliver  the 
power  during  the  entire  period  of  operation.  It  is  safe 
to  assume  that  during  this  time  the  tractor  will  operate 
continuously  at  not  less  than  80  per  cent  of  its  full-load 
rating.  The  automobile  generally  operates  at  from  15 
to  25  per  cent  of  its  rated  capacity.  A  tractor  transmis- 
sion is  required  to  do  a\^0VLt  200  times  as  much  in  a  year 
as  the  average  automobile  transmission,  or  the  tractor 
transmission  sees  more  service  in  one  year  than  the 
average  automobile  transmission  would  in  200  years, 
hence,  when  designing  tractor  transmissions,  the  most 
careful  consideration  and  study  are  necessary.  It  is 
true  that  tractor  transmissions  have  been  heavy  and 
crude,  and  that  as  a  result  the  weight  of  the  machines 
is  high  and  the  efficiency  low,  but  it  must  be  borne  in 
mind  that  the  large  gasoline  tractor  of  today  is  an  out- 
growth or  revision  of  the  steam  threshing  and  road  en- 
gine of  twenty  years  ago,  plus  improvements,  and  not 
an  offspring  of  the  automobile.  However,  one  cannot  but 
realize  the  advantages  of  refined  engineering  and  quality 
of  materials  and  construction,  and  also  of  standardization, 
as  exemplified  in  the  modem  automobile,  and  it  is  for 
these  reasons  that  there  is  such  a  revolution  in  tractor 
design. 

Materiai^  for  Gears 

From  the  foregoing  it  will  be  seen,  then,  that  when 
laying  out  the  gearing,  careful  judgment  and  good 
engineering  are  essential,  if  high  efficiency,  minimum 
weight,  and  satisfactory  service  are  to  be  obtained. 
Speed,  torque,  and  space  limitations,  manufacturing  facil- 
ities, and  selling  price,  all  have  their  influence  on  the 
type  and  the  material  of  gears. 

Of  material  the  engineer  has  a  considerable  choice, 
and  he  also  has  several  types  of  gear  teeth  from  which 
to  choose.  Materials  for  gears  range  from  paper,  wood, 
cloth,  hide  and  compositions  to  the  finest  alloy  steels. 
Each  has  some  advantage,  be  it  strength,  cost,  operation, 
ease  of  production  or  wearing  quality,  and  each  tooth 
shape  has  some  point  in  its  favor. 

Table  I  shows  the  tensile  strength,  elastic  limit,  ma- 
chining properties,  and  other  characteristics  of  several 
common  materials  suitable  for  tractor  gears.    The  varia- 
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Table  I — Materials  for  Gears 


Mftt^riid 

Tensile 

fltrength, 

Tib.  oer 

Sq.In. 

Elastic 
Tiimit. 
Lb.i>er 
Sq.In. 

Machininff 
QuaUty 

Charaeterifltics 

Cloce-Brein   cMt 

24.000 
31.000 

60.000 

70.000 

05.000 
110.000 

130.000 

155.000 

150.000 
190.000 

31.000 

43.000 

66.000 
75.000 

99.000 

130.000 

130.000 
150.000 

Cuts  freely. 
Good  surface 

Cuts  freely. 
Goad  surface 

Machines  well 
when  annealed 

Care  needed  to 
avoid  tearing 

Machines  weU 
when  annealed 

Machines  well 

Hard  to  cut. 
Fine  surface 

Hard  to  cut. 
Fine  surface 

Machines  well 

Easily    obtained — low 

Clb0«-gnun,  semi- 

'  cost-^satisfaotory 
for  low  pressures. 

Easily    obtained — ^low 

OMt  steel 

• 
0.20  cArbon  steel 
(8.   A.   E.   No. 
1020) 

eost — satisfactory 
for     high     or     low 
speeds  and  low  pres- 
Burss— wean  well. 

Medium    eost — strong 

to  defects  sometimes 
large.    Wears    well. 
Sarisfaetory  for  low 
speeds  and  low  press- 
ures. 

Affords  good  combina- 

0.3.5 carbon  steel 
(8.   A.  E.   No. 
1036) 

tion     of     strength, 
toughness  and  hard- 
ness— ^good  for  high 
speeds  and  medium 
pressures. 

Good     oombination — 

0.45  cai4on  steel 
(8.   A.  E.   No. 
1046) 

strength,  tough- 
ness  and   hardness. 
Good     where     high 
speeds  or  heavy 

Excellent  strength  but 

3K  per  cent  nickel 
steel  (0.20  cai^ 

more    brittle    than 
the    previous    steel. 
Suitable     for     high 
speeds  and  for 
steady  heavy  press- 
ures.   Wears  well. 

Excellent  strength, 
toughness  and  hard- 
ness. Very  satisfao- 
tory  for  high  press- 
ures. 

Excellent  strength, 
toughness  and  hard- 
ness.     SuiUble   for 

tions.        Good    for 
clash  gears. 

Same  physical  a  i vant- 
ages as  above— eas- 
ily heat-treated.  Ex- 
cellent wearing  qual- 
ities. 

Same  as  pfevioua  steel. 

3H  percent  nickel 
steel  (0.40  car- 
bon) 

Niehrome  forging 
steel 

•steel 

•Carburlzed  and  heat-treated.    fHeat-treated 
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tion  in  strength  is  great,  but  it  is  even  greater  in 
practice  than  these  figures  show;  when  using  metals  of 
low  strength,  the  factor  of  safety  must  be  larger  than  is 
required  when  using  metals  of  greater  strength,  because 
of  the  variance  in  physical  properties  to  be  found  in  the 
lower  grade  materials.  The  physical  properties  of  any  of 
the  carbon  steels  and  alloy  steels  can  be  varied  consider- 
ably to  suit  the  designer's  requirements,  so  that  the  fig- 
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Gear  Teeth 


Safe  working  (basic)  streea  for  various  materials,  lb.  per  sq.  i^. 

Rawhide 5.000  Bronse 12>QoO 

Cast  iron  \  «  nnn  Cast  steel 20 ,000 

Cloth        J '*'"^  Forged  steel  (not  treated) . .  25.000 

Semi-steel 10.500 

ures  given  do  not  apply  to  all  cases.  The  strength  desired 
is  regulated  in  the  heat  treatment  by  the  drawing,  tem- 
perature used,  the  low  drawing  temperatures  giving  steels 
of  high  tensile  strength,  high  elastic  limit,  and  good 
hardness,  but  at  a  sacrifice  of  some  of  the  toughness. 
The  higher  drawing  temperatures  decrease  the  tensile 
strerigth,  elastic  limit  and  hardness,  but  will  materially 
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increase  the  toughness.  Therefore,  in  choosing  the  ma- 
terial for  a  gear,  careful  consideration  must  be  given 
to  securing  the  proper  strength  for  the  loads  imposed 
upon  it,  proper  hardness  to  insure  reasonable  service  and 
proper  dynamic  properties  to  resist  impact  and  fatigue. 
Here  is  where  we  lack  much  information. 

Certain  materials  seem  to  be  satisfactory  for  automo- 
bile gears,  in  view  of  the  small  amount  of  service  they 
get,  but  it  is  questionable  if  gears  made  of  similar  pro- 
portions and  of  the  same  materials  working  under  full- 
load  torque  all  the  time,  and,  therefore,  under  much 
greater  surface  pressures,  will  last  as  long  as  they  should 
in  tractor  service.  It  seems  to  the  author  that  experi- 
ments should  be  made  to  determine  definite  data  on  the 
relation  of  surface  pressures  and  the  degree  of  surface 
hardness  necessary  for  a  givefa  length  of  service.  These 
properties  must  bear  some  reasonable  relation  to  one 
another  for  any  given  material.  Certainly  private  inves- 
tigations have  been  made  which  would  be  of  great  value 
if  given  to  the  engineering  profession. 

Strength  of  Geab  Teeth 

There  is  also  much  inf ormat^pn  lacking  on  the  subject 
of  the  strength  of  gear  teeth.  On  account  of  the  various 
shapes  of  teeth,  no  common  rule  can  be  used  in  figuring 
their  strength  and  the  problem  becomes  a  complex  one. 
For  instance,  we  have  the  Brown  &  Sharpe  14V^-deg. 
tooth,  the  Grant  15-deg.  tooth,  and  a  20-deg.  toothf  all 
of  which  are  of  equal  length  and  agree*  in  all  pro- 
portions excepting  the  pressure  angle.  This,  of  course, 
varies  the  strength  of  the  tooth  in  the  ratio  of  the  squares 
of  the  root  thickness.  The  root  section  of  the  tooth  is 
the  critical  one  when  figured  as  a  cantilever  beam,  the  load 
being  applied  at  the  outer  edge  of  the  tooth.  In  a  rack 
gear  of  any  given  width,  the  20-deg.  pressure  angle  tooth 
is  practically  25  per  cent  stronger  than  the  14Vi-deg. 
tooth.  This  ratio  is  not  constant,  however,  in  fact,  it  be- 
comes slightly  greater  as  the  number  of  teeth  in  the  gear 
becomes  less.  This  is  one  advantage  in  favor  of  the 
20-deg.  pressure  angle. 

The  most  commonly  used  formula  for  these  particular 
types  of  teeth  is  that  originated  by  Wilfred  Lewis,  where 

600 
W  =  SPFY  6~oo^"y  in  which 
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W  =  Safe  tooth  load  in  lb. 
S  =  Safe  stress  in  lb.  per  sq.  in. 
P  ==  Circular  pitch,  inches 
F  =  Face,  inches 

y  =  Factor  depending  on  the  number  of  teeth  in  the 
gear  and  the  pressure  angle  used. 

Y  =  Velocity  in  ft.  per  nrin. 

The  factor  Y  is  governed  entirely  by  the  number  and 
shape  of  the  teeth.  Tables  of  these  values  are  given 
in  all  engineering  handbooks.  The  values  of  S  for  differ- 
ent materials  and  velocities  are  given  in  the  accompany- 
ing diagram.  These  values  I  believe  are  subject  to  criti- 
cism because  the  allowable  stress  drops  with  an  increase 
in  speed  in  the  same  ratio  for  every  material  regardless 
of  its  physical  properties.  This  certainly  should  not  be 
the  case.  When  we  consider  the  ability  of  materials,  such 
a^  chrome  vanadium  steel,  to  resist  impact  forces,  and 
the  inability  of  other  materials,  such  as  cast  iron,  their 
classification  in  the  diagram  seems  foolish.  In  fact,  sev- 
eral large  manufacturers  do  not  adhere  to  the  Lewis 
recommendations  for  the  allowable  stress. 

Previously,  when  considering  the  strength  of  the  gear 
tooth,  attention  was  called  to  the  value  of  increasing  the 
pressure  angle.  Another  way  of  increasing  the  load- 
carrying  capacity  of  the  tooth  is  by  shortening  it  in  a 
manner  similar  to  the  Fellows  so-called  20-deg.  stub 
tooth  standard.  The  designers  of  that  system  realized 
the  value  of  the  short  tooth  and  made  a  system  of  tooth 
sizes  inf  which  the  addendum,  dedendum,  and  clearance  of 
a  small  tooth  are  combined  with  a  tooth  of  large  pitch. 
The  Fellows  stub  tooth  system  comprises  the  following 
tooth  sizes:  4/5,  5A  6/8,  7/9,  8/10,  9/11,  10/12  and 
12/14. 

.  It  will  be  seen  that  there  is  no  definite  ratio  between 
the  height  of  the  tooth  and  its  pitch,  such  as  prevails  in 
the  Brown  &  Sharpe  system. 

Another  disadvantage  with  the  Fellows  system  is  that 
the  range  of  tooth  sizes  is  not  adequate,  especially  in 
tractor  work.  The  author  has  been  forced  on  several 
occasions  to  use  stub  teeth  of  larger  pitch  than  any  given 
in  the  table,  these  sizes  being  the  %  and  2/2^/^  pitch. 
Another  disadvantage  in  the  present  stub  tooth  system 
is  that  no  convenient  or  accurate  formula  is  available 
for  figuring  the  strength  of  the  teeth,  and  there  cannot  be 
one  until  considerable  investigation  has  been  made.  Why 
should  we  not  have  a  standard  20-deg.  stub  tooth  which 
has  definitely  fixed  proportions  based  on  the  pitch,  such 
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as  is  exemplified  in  the  20  deg.  stub  tooth  proposed*  by 
Charles  H.  Logue. 

The  customary  practice  has  been  to  figure  the  strength 
of  the  regular  20-deg.  tooth  and  then  increase  this 
strength  in  the  proportion  of  the  inverted  pitch  fraction 
of  the  stub  tooth.  This  does  not  give  the  correct  strength, 
as  it  assumes  the  root  thickness  of  the  full-length  tooth 
aiid  stub  tooth  to  be  alike,  and  this  is  not  the  case.  The 
root  thickness  of  the  20-deg.  stub  tooth  is  less  than  that 
of  the  20-deg.  full-length  tooth  of  equal  pitch  measure, 
and  consequently  it  has  a  smaller  section  modulus. 


THE    DISCUSSION 

H.  C.  BuFFiNGTON  (M.  S.  A.  E.) : — It  seems  to  me  that 
there  is  just  as  much  difference  between  cast  iron  and 
chrome  vanadium  steel  as  between  steel  and  wood;  it  is 
my  opinion  that  in  the  standardization  bf  gear  teeth  en- 
gineers always  have  fallen  down.  There  is  no  standard. 
When  we  instruct  a  draftsman  to  lay  out  a  gear  he  prob- 
ably will  take  some  standard  that  we  did  not  have  in  mind 
at  all ;  and  when  we  tell  him  to  lay  out  a  stub-tooth  gear 
and  have  another  man  check  up  his  drawing,  they  will 
each  have  a  different  result.  Another  person  checking 
the  same  drawing  will  probably  get  another  result,  so  it 
seems  that  teeth  forms  are  still  unstandardized. 

I  do  not  see  why  engineering  societies  cannot  jointly 
adopt  some  form  of  stub  tooth  in  order  that  we  may  have 
interchangeable  gears.  The  electric  starter  on  an  auto- 
mobile is  small;  it  is  really  too  small  for  the  larger 
engines,  if  it  is  going  to  be  used  on  tractors  in  the 
future.  Not  long  ago  I  was  laying  out  the  gear  teeth 
for  an  electric  starter  on  a  large  engine  and  I  found  that 
it  was  necessary  to  employ  a  7/9  pitch  or  one  a  little 
larger.  That  is  drawing  right  away  from  the  automobile 
form  because  in  order  to  get  a  tooth  that  is  strong  enough 
for  cast  iron  it  is  necessary  to  use  the  larger  stub  tooth, 
and  then  the  question  arises  as  to  what  stub  tooth  we 
shall  use.  I  suggest  that  we  outline  some  standard  tooth 
before  going  too  far  into  the  electric-starter  proposition, 
and  the  same  remark  applies  to  many  other  gear  forms 
and  transmissions. 

Chairman  E.  R.  Greer: — If  standardization  is  neces- 
sary and  to  be  adopted  there  must  be  teeth  of  the  same 
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pitch  on  every  tractor  flywheel  if  we  are  to  make 
starters  interchangeable.  Starter  manufacturers  have 
standardized  small  steel  ring  gear  te^th  for  automobiles. 

Once  done,  naturally  the  starter  makers  would  want  to 
use  the  same  standard  for  the  larger  pitch,  but  the  larger 
pitch  would  not  be  a  standard  that  any  automobile  man- 
ufacturers are  now  using. 

Even  in  transmissions,  where  each  tractor  company  is 
making  all  its  own  gears,  there  would  be  quite  an  advan- 
tage in  a  standard  tooth.  In  purchasing  cutters  and  in 
checking  teeth  there  would  be  a  great  advantage  in  hav- 
ing all  gears  the  same. 

G.  C.  Andrews  (M.  S.  A.  E.) : — In  reference  to  the 
chilled-iron  tooth,  we  get  wearing  surface  on  our  coarse 
work  and  strength  and  hardness,  but  we  do  not  get  tough- 
ness. I  would  like  to  know  if  there  have  been  any  experi- 
ments along  these  lines. 

When  we  reduce  pressure  surface,  will  it  not  become  so 
small  that  the  lubricant  will  have  little  life,  soon  becom- 
ing spoiled?  Last  sunmier  I  was  looking  up  some  testst 
for  transmissions  and  it  was  a  surprise  to  learn  that 
there  is  almost  no  gain  in  lubrication  when  using  a  large 
gear. 

F.  McDonough: — ^When  we  heat-treat  gears  we 
find  that  the  loss  is  much  less  with  the  stub-tooth  gear 
than  with  the  old  long  tooth.  There  is  a  great  tendency 
to  use  stub  teeth  for  this  reason. 

A.  Krieg  (M.  S.  a.  E.)  : — Some  time  ago  I  asked  trac- 
tor companies  about  the  addendum  and  dedendum  of  their 
teeth  and  they  told  me  these  were  three-quarters,  of  a 
standard  tooth ;  the  clearance  is  the  same  as  the  clearance 
of  the  standard  tooth,  which  is  one-twentieth  of  the  cir- 
cular pitch.  I  do  not  see  why  having  the  addendum  and 
dedendum  three-quarters  of  a  standard  tooth  would  not  be 
satisfactory  for  tractor  work.  It  is  generally  used  now. 
I  believe  all  cutters  are  standard,  and  if  we  change  now  to 
another  standard  it  would  be  difficult  to  get  cutters. 

Chairman  Greer: — I  think  you  ar^  right  about  the 
impracticability^  of  any  change;  the  matter  has  gone  so 
far  that  the  Fellows'  standard  is  all  we  can  use.  Are"  you 
sure  about  the  proportions? 

Mr.  Krieg: — They  are  not  exactly  right.     With  the 
larger  %  pitch,  three-quarters  of  the  ordinary  tooth  can 
be  used.    Take  the  double  addendum,  multiply  it  by  0.75 
and  then  make  the  clearance  the  same  as  on  a  standard^ 
tooth,  which  is  one-twentieth  of  a  circular  pitch.    I  think* 
that  works  out  well. 
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Mr.  Bufpington:— Would  you  express  the  stub  tooth 
pitch  as  a  fraction?  Would  you  not  have  to  express  it 
as  a  decimal? 

Mr.  Krieg: — That  is  one  mistake  they  have  evidently 
made. 

Chairman  Greer: — It  works  out  pretty  well  until  we 
get  into  the  h^lf  pitches  in  the  large  sizes.  It  is  a  big 
jump  from  the  3  pitch  to  the  2  pitch.  J^aturally  2% 
pitch  must  be  used  but  when  we  get  into  half  pitches 
then  we  strike  a  peculiar  combination. 

Mr.  Scarratt: — If  we  have  a  massive  gear  that  we 
want  to  heat-treat  to  get  a  good  surface  hardness,  we 
shall  in  all  probability  have  to  change  the  drawing  tem- 
perature and  also  the  medium  used  in  drawing.  Oil, 
brine  and  plain  water  are  used.  The  oil  does  not  have 
the  quick  effect  on  the  treatment  of  the  gear  of  either 
brine  or  water,  and  in  most  of  .the  carbon  steels  listed 
the  drawing  temperature  would  range  probably  anywhere 
from  450  up  to  1200  deg.  and  the  drawing  temperatures 
used  in  these  stated  values  would  be  about  an  average 
of  the  two.  If  the  maximum  strength  and  hardness  are 
desired  in  a  gear  and  the  dynamic  properties  are  not  to 
be  given  such  great  consideration,  for  instance  where  the 
loads  are  very  constant,  a  lower  drawing  temperature 
could  be  used,  which  would  give  high  tensile  strength 
and  elastic  limit  and  a  harder  gear.  But  in  tractor  serv- 
ice we  have  a  severe  problem  to  contend  with.  The  shocks 
are  great  and  they  are  intermittent,  and  as  the  tvactor 
might  be  operated  for  long  periods  without  rest  it  is  not 
safe  to  work  gears  up  to  the  maximum  tensile  strength, 
and,  elastic  limit.  We  must  consider  seriously  the  tough- 
ness of  the  steel  and  its  ability  to  withstand  the  impact 
loads  that  we  get,  and  that  will  necessitate  drawing  the 
steels  at  a  little  higher  temperature  than  for  the  other 
stated  condition.  The  exact  range  needed  for  those  gears 
would  be  hard  to  determine.  The  values  given  in  the 
paper  for  the  carbon  steels  and  the  nickel  steels  were 
taken  from  the  specifications  in  the  S.  A.  E.  Handbook 
and  are  about  medium  values  throughout. 

Factors  of  Safety 

A  Member: — What  factor  of  safety  is  used? 

Mr.  Scarratt: — That  is  a  matter  of  opinion.    If  the 

gears  are  put  into  very  severe  service  where  the  shock 

load  is  going  to  be  tremendous,  such  as  in  tractor  work, 

^it  is  not  unreasonable  to  suppose  that  at  times  the  load 

"on  a  tractor  will  exceed  the  maximum  rated  load  of  the 

engine  by  100  per  cent.     If  that  were  true,  in  other 
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words,  if  we  did  not  think  that  the  shock  load  would  set 
up  such  a  high  stress  in  the  gears  that  the  brittle  point 
would  be  reached,  but  that  there  would  be  a  permanent 
set  and  a  possibility  of  rupture  in  the  teeth  of  the  gear, 
then  a  basic  stress  at  least  50  per  cent  lower  than  the 
elastic  limit  given  would  have  to  be  used.  If  gears  are 
put  into  use  where  they  are  not  likely  to  .meet  such  con- 
ditions as  that,  stresses  which  run  nearer  to  the  elastic 
limit  can  be  used.  That  is  largely  a  matter  of  judgment. 
Definite  figures  cannot  be  given.  In  view  of  all  this, 
treating  with  the  lowest  safe  working  stresses  is  con- 
servative. 

Mr.  Andrews: — ^Which  is  conservative,  the  4,  5  or  6? 

Mr.  Scarratt: — In  tractor  work  I  should  say  that  if 
stresses  were  taken  as,  say,  50  per  cent  of  the  elastic 
limits  of  the  stated  material,  they  would  not  be  too 
high  for  the  different  gears.  That  stress  would  be  for 
a  static  load — practically  no  speed — and  if  stresses  in 
accordance  with  the  values  plotted  in  the  Lewis  curve 
were  taken  we  would  be  very  safe  at  the  higher  speedy 
owing  to  the  ability  of  these  better  grades  of  steel  to 
withstand  shock  as  compared  with  such  materials  as  cast 
iron  and  semi-steel  for  which  that  curve  is  suitable. 

Mr.  Andrews: — If  a  spring  is  put  in  to  take  care  of 
shocks,  as  on  the  new  Foote  tractor,  can  any  allowance 
be  made? 

Mr.  Scarratt:— I  believe  not. 

Effect  of  Wear  Factor 

Chairman  Greer: — When  values  for  wear  are  figured 
out,  is  it  not  true  in  almost  every  case  that  the  teeth 
are  considerably  larger  than  needed  for  tensile  strength. 
Does  not  the  wear  factor  insure  having  sufiiciently  large 
teeth? 

Mr.  Scarratt: — We  know  less  about  the  factor  of 
wear  in  gears  than  we  do  about  the  strength  of  mate- 
rials. 

Chairman  Greer: — If  we  design  a  gear  for  a  known 
load  and  figure  the  factor  of  safety  as  2,  that  would  be 
50  per  cent  of  the  elastic  limit  and  I  am  sure  we  would 
have  a  rather  small  tooth  for  anything  we  might  want 
to  consider  in  a  tractor.  We  would  probably  decide  to 
have  it  four  or  five  times  as  large  as  that  unless  we  were 
using  cast  iron.    With  good  steel  it  would  be  small.  . 

A.  F.  Moyer  (M.  S.  a.  E.)  : — How  would  one  start  out 
to  experiment  as  to  wearing  of  gears  and  gear  teeth? 

Mr.  Scarratt: — As  stated  in  the  paper,  I  think  we 
know  less  about  the  factor  of  wear  than  of  any  other 
gear  factor.     Automobile  transmissions  have  stood  up 
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well.  The  gears  will  probably  last  longer  than  the  ma- 
chine, as  a  rule,  and  their  life  is  long  because  the  work 
done  is  relatively  so  little  in  comparison  with  the  life  of 
the  machine.  If  we  put  gears  of  similar  proportions  to 
those  used  in  automobile  transmissions  in  tractor  trans- 
missions which,  as  I  stated,  would  get  possibly  200  times 
as  much  service  in  a  year  as  an  automobile  transmission, 
it  is  questionable  if  the  gears  would  last  anything  like  as 
long.  Gear  and  transmission  manufacturers  certainly 
must  have  run  gears  of  given  sizes  and  of  various  ma- 
terials under  maximum  loads  for  a  long  period  of  time 
in  order  to  determine  the  amount  of  wear  and  the  surface 
pressures  that  they  could  reasonably  stand,  but  no  infor- 
mation of  that  kind  is  available. 

It  would  not  be  a  hard  problem  to  figure  the  strength 
of  a  gear  and  compute  the  necessary  size  if  we  only 
knew  how  much  pressure  that  gear  was  able  to  take 
under  continual  service  and  still  stand  up  for  a  rea- 
sonable length  of  time.  The  only  way  that  I  know  of 
for  finding  it  is  to  take  sets  of  two  small  gears  of 
various  sizes  and  of  various  materials,  first  test  the  ma- 
terials, and  then  run  them  continuously  for  a  thousand 
hours  under  the  rated  load  for  which  they  are  computed. 
We  could  then  measure  the  amount  of  wear  on  the  teeth. 

Testing  Gears 

Mr.  Moyer: — I  have  looked  up  all  the  data  I  could  find 
from  various  sources.  So  far  as  I  know,  the  published 
experimental  data  are  based  entirely  on  the  running  of 
cast  iron  gears.  A  proposal  was  made  to  test  gears  by 
running  them  in  some  machine  that  would  place  pressure 
on  the  teeth,  but  this  could  not  solve  the  entire  problem. 
If  we  take  four  gears  we  can  mesh  all  four  so  that  they 
will  fit  in  one  position  only,  depending  on  the  number  of 
teeth.  To  distort  the  centers,  we  move  any  of  the  gears 
a  little  and  apply  pressure.  If  we  were  to  take  a  chain  of 
gears  like  that  and  apply  pressure  diagonally  on  opposite 
sides  of  the  square  and  run  them  for  a  long  time  to  find 
the  anraunt  of  power  necessary  to  overcome  the  friction, 
I  think  we  could  get  some  good  data  on  the  pressure. 

Mr  Scarratt: — ^We  put  a  set  of  bevel  gears  in  the 
differential  of  a  machine  and  gave  that  machine  a 
long  run.  It  had  approximated  360  hours  of  contin- 
uous service,  all  told,  when  we  removed  the  differential 
from  the  machine  to  see  the  condition  of  the  gears. 
They  were  stub  tooth  gears  of  the  best  semi-steel  we 
.  could  make  and  were  very  accurately  cut.    We  found  that 
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in  350  hours  of  service  a  full  thirty-second  of  an  inch  of 
metal  had  been  removed  from  the  faces  of  the  teeth.  They 
were  worn  perfectly  as  to  shape.  The  action  was  just  a 
crushing  from  the  gear  surface.  Now,  with  any  amount 
of  figuring,  that  would  appear  to  be  a  perfectly  safe/ 
gear  and  it  was  running  submerged  in  oil  continuously, 
but  the  surface  pressure  was  in  excess  of  what  the  actual 
strength  of  the  material  would  stand. 

Mr.  Moyer: — What  were  the  pitch  and  tooth  pressure 
of  those  gears? 

Mr.  Scarratt: — It  was  a  4/5  stub  tooth  bevel  gear,  12- 
in.  pitch  diameter.  There  were  four  pinions  in  the 
differential  and  I  believe  that  the  torque  on  the  mean 
pitch  radius  would  be  approximately  2800  or  2900  pounds. 
The  face  of  the  gears  was  1%  in. 

Vibration  and  Dirt 

Chairman  Greer: — In  tractor  work  the  vibration  and 
dirt  conditions  must  be  considered.  In  any  laboratory 
test  gears  would  be  run  clean  and  it  would  be  foolish  to 
make  a  test  that  way.  Running  them  without  vibration 
would  make  a  tremendous  difference.  Slight  vibration 
might  make  a  difference  of  three  or  .four  times  in  the 
life  of  the  gear.  As  Mr.  Scarratt  stated,  the  gears  that 
he  mentioned  failed  from  crushing  and  if  a  gear  will 
fail  from  crushing,  vibration  .would  certainly  affect  the 
wearing  of  the  material. 

Mr.  Scarratt: — In  modern  work  we  have  arrived 
at  the  conclusion  that  cast  iron  has  no  place  in  any  kind 
of  transmission  or  gears,  that  is,  for  tractors  designed 
for  the  minimum  of  weight  and  the  maximum  of  power 
and  efficiency. 

A  Member: — ^What  about  the  use  of  manganese  in 
gear  material? 

FerrO'Manganese 

Mr.  Hatfield: — Ferro-manganese  contains  about  15 
per  cent  of  manganese.  It  is  a  manganese  and  iron  alloy 
of  great  strength  and  is  being  used  quite  generally  in  all 
sorts  of  mechanical  constructions  where  resistance  to 
wear  is  required.  It  undoubtedly  would  be  an  excellent 
material  for  gear  teeth  where  resistance  to  wear  is  re- 
quired. 

A  Member: — What  about  machining? 

Mr.  Hatfield: — It  is  absolutely  non-machinable. 

A  Member: — That  eliminates  it  for  cut  gears. 

Mr.  HatfibU): — It  has  to  be  cast.     It  has  a  ten- 
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sile  strength  of  about  80,000  lb.»  an  elastic  limit  of  about 
half  thaty  and  is  comparatively  soft  (hardness  about  250) 
but  is  wonderfully  resistant  to  abrasion. 

Coat  Iron  Inserts 

0.  W.  Young  (M.  S.  A.  E.) : — In  tracklaying  types  of 
tractors,  particularly  in  the  case  of  the  Yuba  and  Best, 
manganese  drive  sprockets  are  used.  Some  holes  must  be 
drilled  in  the  hub  bearings  and  inserts  of  cast  iron  are 
cast  in  the  manganese  steel  at  those  places,  and  the  holes 
are  drilled  in  the  cast  iron.  Whenever  anything  must  be 
fastened  to  the  gear  a  little  cast  iron  is  employed  in  this 
way. 

Chairman  Greer:— Is  the  track  with  which  this  gear 
engages  of  manganese  steel? 

Mr.  Young: — No.  Different  materials  have  been  used. 
Manganese  track  rings  have  been  used  for  dredges,  but 
they  were  not  necessary.  An  alloy  steel  bull  pinion  is 
used. 

Chairman  Greer: — Do  they  machine  the  pinion  and 
cast  the  gear? 

Mr.  Young: — Yes;  the  pinions  probably  wear  out  five 
to  one. 

J.  N.  Nead  (M.  S.  a.  E.)  :— Referring  to  Mr.  Moyer's 
suggestion  of  a  mechanism  for  testing  gears  I  recall  the 
time  a  test  on  gears  was  under  way  at  an  arsenal.  They 
were  having  much  difficulty  with  traversing  gears  on  dis- 
appearing carriages.  They  had  a  gear  train  rigged  up, 
consisting  of  four  gears  arranged  in  a  rectangle.  Gear  1 
was  driven  by  a  belt,  gear  1  drove  gear  2,  gear  2  drove 
gear  8  through  a  shaft,  and  gelir  8  drove  gear  4. 
There  was  a  drum  between  gear  1  and  gear  4  with  a 
spring  in  it  which  applied  tension  to  the  gears  through- 
out the  train.  It  struck  me  as  a  good  method  of  testing 
gears.  It  was  mounted  in  a  basement  close  to  a  coal 
bin  where  there  was  plenty  of  dirt. 
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By  Arthur  B  Modine* 

There  are  many  factors  other  than  radiator  size  in- 
volved in  tractor  engine  cooling.  The  principal  variables 
pertain  to  radiator  t3T>e,  radiator  core,  thickness  or  de- 
gree of  cooling  capacity,  rate  of  water  circulation,  size, 
t3rpe  and  speed  of  fans,  and  the  economy  characteristics 
of  the  engine  to  be  cooled.  I  do  not  consider  it  prac- 
tical to  evolve  a  formula  covering  all  the  branches  of  gas 
engine  operation,  but  as  I  believe  the  time  opportune  for 
a  certain  degree  of  standardization  of  the  variables  re- 
ferred to,  I  shaU  go  into  some  of  the  essentials  of  cool- 
ing involved  in  our  particular  branch  of  the  automotive 
industry,  and,  in  conclusion,  will  give  a  formula  for  radi- 
ator sizes  and  recommendations  for  water  circulation, 
air  velocity  and  fan  details. 

Gas  engine  cooling  involves  a  diversity  of  elements  in  * 
engine  design,  all  affecting  the  economy  of  the  engine, 
and  ultimately,  for  our  purpose,  that  proportion  of  heat 
input  showing  up  as  jacket  loss. 

Equation  I  is  our  introductory  and  basic  formula,  in 
which  Heat  to  radiator  =  Heat  input  —  Heat  equivalent 
of  horsepower  developed  —  Exhaust  loss  —  Engine  radia- 
tion and  convection  losses.  (1) 

All  the  factors  of  this  equation  for  any  given  engine 
can  be  computed,  but  for  general  use  certain  assumptions 
are  required  together  with  the  introduction  of  a  vari- 
able factor. 

Equation  II  is  based  on  observed  average  perform- 
ances. 

Heat  to  radiator  =  0.40  heat  input  X  F  (2) 
where  F  is  a  variable  with  a  value  of  1.0  in  the  case  of 
L-head  engines  ranging  from  25  to  50  hp.  and  0.8  in  the 
case  of  valve-in-head  engines  of  the  same  power  range. 
Individual  peculiarities  of  jacket  design,  piston  speed, 
compression,  proportion  of  engine  radiation  and  convec- 
tion loss,  and  valve  design,  would  all,  of  course,  further 
affect  the  value  of  the  variable,  but  I  believe  that  the 
formula,  as  suggested,  will  be  found  sufficiently  accurate 
for  our  purpose.  • 

^President  of  the  Modine  Mfg.  Company 
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Taking  average  tractor  engine  economy  as  0.75  lb.  of 
gasoline  per  hp.  per  hr.,  and  a  heat  value  per  pound  of 
gasoline  as  20,000  B.t.u.,  we  find  that  Equation  2,  ap- 
plied to  the  Ir-head  type  engine,  becomes 

Heat  to  radiator  per  min.  per  hp.  = 

0.40  X  0.76  X  20.000  Xj^  100  B.t.«.  (8) 

Hence,  if  we  are  to  cool  a  30-hp.  L-head  engine  under  full 
load,  it  is  necessary  to  provide  cooling  capacity  equiva- 
lent to  80  X  100  =  3000  B.t.u.  per  min. 

It  is  interesting  to  note  how  this  quantity  of  heat 
would  manifest  itself  were  no  means  available  to  dissi- 
pate it  other  than  the  evaporation  of  water.  The  3000 
B.t.u.  per  min.  would  evaporate  about  8  lb.  of  water 
per  min.,  180  lb.  or  about  21  ^^  gal.  per  hour.  Double 
this  to  48  gal.  per  hr.  for,  say,  a  60-hp.  load,  and  we  get 
an  idea  of  the  diflSculties  that  confronted  the  pioneers  in 
the  tractor  industry  in  getting  sufficient  tank  capacity. 
Aside  from  other  considerations,  it  is  manifestly  im- 
'  practicable  to  carry  around  a  great  bulk  of  water  such 
as  would  be  required  to  absorb  this  amount  of  heat 
through  evaporation,  and  to  meet  these  conditions  it  has 
been  found  necessary  to  transfer  this  waste  heat  to  the 
surrounding  atmosphere  through  the  medium  of  the  con- 
ventional radiator  and  cooling  system  shown  in  Fig.  1. 

This  comprises  a  radiator,  generally  a  circulating 
pump,  and  a  fan,  the  radiator  consisting,  for  the  purpose 
of  our  discussion,  of  a  multiplicity  of  tubes  conveying 
the  water  to  be  cooled  and  spaces  around  these  tubes 
for  the  passage  of  air.  Referring  to  Fig.  1  let  us  con- 
sider the  factors  involved  in  the  transfer  of  heat  from 
the  engine,  through  the  radiator  and  into  the  atmos- 
phere. The  water  from  the  engine  is  delivered  to  the 
radiator  at  a  temperature  T^  and  must  be  cooled  to  a 
lower  temperature  T,.  The  heat  then  taken  from  t^e 
engine  or  from  the  water  will  be  in  terms  of  the  weight 
of  water  circulated  (Ww)  times  the  temperature  drop 
(T^  —  Tj)  effected  upon  it  by  its  passage  through  the 
radiator  and  may  be  expressed  as  WtoiT^  —  T,).  It  is 
evident  that  the  heat  removed  from  the  water  must 
(under  normal  operating  conditions)  equal  the  heat  im- 
parted to  the  air,  and  will  be  measured  in  terms  of  the 
weight  of  air  circulated  iWa)  times  the  temperature  rise 
(r^  —  T,)  effected  upon  it  by  its  passage  through  the 
radiator,  or  Wa(T,  —  T,). 
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From  this  balance  we  get  Equation  4, 

WAT,  —  T,)  =  Wa(T,  —  T,)  (4) 

which,  expressed  in  foot-pound-second  units,  becomes  in 
equation  V 

Wu,(T,  —  r,)  =  Vo  X  0.071  X  0.2375 (T,  —  T.) 

=  o.oi685ya(!r,— r.)  (5) 

in  which  Ww  is  weight  of  water  in  lb.;  Va  is  volume  of 
air  in  cu.  ft.;  0.071  is  the  weight  of  1  cu.  ft.  of  air  at 
100  deg.  fahr.;  0.2375  is  the  specific  heat  value  of  air. 
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To  Engine  — *- 

Pia.  1 — Conventional  Radiator  and  Cooling  System 


Equating  this  last  relation  with  Equation  3  we  get 
Heat  to  radiator  per  min.  per  hp.  =  100  B.t.u. 

=  Wy,{T,  —  T,)  =  0.01685ya(!r,— T,)  (6) 

from  which  we  derive 


Ww  (or  lb.  water)  per  min.  per  hp.  = 


100 


T, 


(7) 
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V«  (or  cu.  ft.  air)  per  min.  per  hp.  = 

100  6000 


(8) 


0.01685  (r,—r,)     r,— r, 

and  from  Equation  8,  inasmuch  as  the  volume  of  air 
is  a  function  of  its  velocity  and  area,  we  get 

Square  feet  frontal  area  )    _       6000 
of  radiator  per  hp.      J    "^  v(T^  —  T,) 

in  which  v  is  the  air  velocity,  in  feet  per  minute. 
These  values  are  all  dependent  upon  the  value  of  the 
factor  F  in  equation  2.  This  factor  has  been  omitted  to 
avoid  the  use  of  too  many  symbols,  but  in  view  of  its 
value  of  1  for  L-head  t3rpes,  the  formulas  will  apply  di- 
rectly as  they  are  to  this  type,  while  for  the  valve-in-head 
classification  they  are  to  be  multiplied  by  the  factor  F 
with  value  0.8,  as  designated. 

From  an  analysis  of  Equation  9  we  see  that  our 
problem  of  cooling  or  of  radiator  size  has  resolved  itself 
into  two  factors:  the  temperature  rise  effected  upon 
the  air  and  the  velocity  of  the  air.  The  first  item  is 
most  important  to  our  discussion,  but  involves  such  a 
mass  of  detail  that  I  will  deal  with  it  briefly  only  in  its 
relation  (1)  to  water  delivery  and  (2)  to  air  velocity. 
We  have  a  physical  law  that  the  amount  of  heat  given 
off  from  a  source  is  proportional  to  the  difference  in 
temperature  between  the  radiating  body  and  the  air,  and 
other  authority  states  that  the  loss  of  heat  by  convection 
is  nearly  proportional  to  the  difference  in  temperature 
between  the  hot  body  and  the  air.  This  being  true,  we 
are  concerned  in  maintaining  the  surfaces  in  a  radiator 
at  an  average  temperature  as  high  as  is  practicable,  and 
this,  of  course,  in  our  case  is  directly  a  function  of  the 
rate  of  water  circulation.  It  becomes  a  matter  then  of 
choosing  a  standard  for  circulation  that  will  give  prac- 
tical pump  sizes  and  still  maintain  a  reasonably  small 
temperature  drop  through  the  radiator.  With  this  in 
view,  I  propose  as  a  standard  that  rate  of  circulation 
which  will  give  a  temperature  drop  to  the  water  circu- 
lated through  the  radiator  of  not  more  than  15  degrees 
fahrenheit    From  Equation  7,  then,  we  get 

Pounds  water  circulated  per  min.  per  hp.  —-r^  =  6.67 


15 


(10) 


Gallons  water  circulated  per  min.  per  hp.  =  0.8       (11) 
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This  would  give  a  circulation  per  minute  of  16  gal. 
for  a  20-hp.  engine,  24  gal.  for  30  hp.,  etc. 

Effect  of  Circtdatian 

Fig.  2  will  serve  to  illustrate  the  effect  rate  of  circu- 
lation has  on  cooling  capacity.  In  the  first  radiator  wa- 
ter enters  at  a  temperature  of  200  deg.  and  is  circulated 
at  the  rate  of  200  lb.  (about  24  gaL)  a  minute,  leaving 
the  radiator  at  180  deg.  The  heat  given  up  amounts  to 
4000  6.t.u.  per  min.,  and  the  average  temperature  of  the 
radiator  surfaces  is  190  deg. 

In  the  second  case  conditions  are  the  same  except  the 
circulation,  which  is  only  100  lb.  per  min.,  requiring  a 
40  deg.  drop  to  get  rid  of  the  same  amount  of  heat  as  in 
the  first  case.  The  fan  is  not  drawing  any  more  air;  con- 
sequently, in  order  to  absorb  the  same  amount  of  heat 
as  in  the  first  case,  the  average  temperature  of  the  sur- 
faces must  be  maintained  at  190  deg.,  which  requires  an 
entering  water  temperature  of  210  deg.  and  a  leaving 
temperature  of  170  deg. — or  all  the  difference,  with  the 
same  radiator,  between  satisfactory  cooling  on  the  one 
hand  and  boiling  on  the  other. 


Pto.   2 — Bfudct  op  Rats  of  Cibculatiox  on  Cooling 
Capacitt 

The  relation  of  temperature  rise  of  the  air  to  velocity 
of  the  air  over  the  heated  surfaces  will  have  to  be 
left  with  the  brief  statettient  that,  as  we  get  up  into  the 
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velocities  practicable  for  our  purpose,  the  heat  taken  up 
by  convection  increases  almost  directly  in  proportion  to 
the  velocity.  This  is  illustrated  by  the  temperature  rise 
curve,  Fig.  3,  which  is  typical  of  the  temperature  rise 
characteristics  of  almost  any  type  of  radiator,  as  well 
as  the  thickness  of  radiator  core.  The  only  limit  that 
we  are  bound  by  in  air  velocities  is  the  power  available 
to  effect  the  velocity,  but  with  this  in  view,  as  well  as 
further  remarks  to  follow,  I  would  propose  a  standard- 
ized air  velocity  referred  to  gross  radiator  core  area  of 
2000  ft.  per  min.  This  velocity  is  practicable  with  most 
of  the  radiator  types  on  the  market  and,  as  applied,  will 
meet  nearly  all  requirements  up  to  50  hp.  in  space  avail- 
able for  radiator  mounting.  The  matter  of  a  definite 
value  for  the  factor  (T^ — T.)  concerns  the  characteris- 
tics of  design  of  each  type  of  radiator  core  and  its  thick- 
ness, but  most  of  them  intelligently  offered  for  tractor 
work  will  be  able  to  meet  the  requirements  of  a  80  deg. 
rise  with  initial  or  operating  temperature  of  100  deg., 
air  velocity  of  2000  ft.  per  min.,  maximum  water  tem- 
perature of  200  deg.  and  water  circulation  as  suggested. 
I  say  'intelligently'^  as  regards  experience  with  the  limi- 
tations of  space  available  for  radiator  mounting.  These 
assumptions  meeting  approval.  Equation  9  comes  to 
Sq.  ft.  radiator  required  per  hp.  = 

6000 
o/vv ^ r>/v/v/v  X  1  =  0.1  for  L-head  engines. 
80  X  2000  "^ 

Sq.  ft.  radiator  required  per  hp.  = 

6000 
^^ ,  ^  ^^^^  X  0.8  =  0.08  for  valve-in-head  engines. 
80  X  2000  "^ 

From  some  fifty  cases  I  have  tabulated  data  as  to  rated 

horsepov^er  (using  the  iformula        „      X  No.  cyls.,  in 

which  jP  has  a  value  of  12,000  for  valve-in-head  and  13,- 
000  for  L-head  types) ,  actual  radiator  size,  fan  size  and 
fan  speed  in  each  instance.  These  cases  I  have  divided 
into  groups  of  varying  horsepowers  and  averaged  the 
data  in  each  group.  In  applying  the  suggested  formula 
for  radiator  size,  I  find  that  it  would  check  well  in  the 
20-hp.  group  if  in  a  few  of  the  cases  the  18-in.  fans  were 
run  at  a  higher  speed  than  1450  r.p.m.  In  the  80-hp. 
division  L-head  type,  the  actual  radiator  size  is  about 
12  per  cent  larger  than  that  proposed  by  the  formula, 
but  the  average  fan  of  19  in.  diameter  was  driven  at 
only  an  average  speed  of  1600  r.p.m.  In  the  80-hp.  valve- 
in-head  claas  the  formula  radiator  s\z^  is  about  8  per 
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cent  larger  than  actual  sizes  with  average  fan  size  18.66 
in.  and  average  fan  speed  1866  r.p.m. 

In  the  35-hp.  L-head  class  the  formula  radiator-size 
is  about  8  per  cent  larger  than  the  actual  size.  Average 
fan  size  is  19.3  in.  and  average  fan  speed  1666  r.p.in. 
Some  of  the  cases  in  this  division,  I  know,  are  not  cool- 
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Fig.  8 — ^Ufpbe  Diagbam  Shows  Rblation  or  TmcPBRATUBB  Ribb  of 
Ant  to  Vblocitt  of  thb  Anu   Lowbb  Diagbam  Shows  Chabactbb- 

ISTIC  CUBVBS  OF  A  TtPICAL  20-INCH  FAN  AT  VARYING  R.P.M. 

ing  properly,  and  the  division  as  a  whole  could  well  afford 
to  use  larger  fan  diameters.  In  the  40-hp.  class  the 
formula  radiator-size  checked  with  the  actual  size.  One 
50-hp.  case,  a  well-known  tractor,  gives  formula  radiator- 
size  about  18  per  cent  larger  than  actual  size.     This 
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tractor  is  considerably  overpowered,  but  its  cooling  per- 
formance under  average  conditions  is  entirely  satisfac- 
tory. I  know,  and  its  makers  know,  however,  that  at 
heavy  full  load  boiling  will  occur,  and  they  agree  with 
me  that  the  18  per  cent  additional,  as  recommended,  is 
justified. 

One  64-hp.  valve-in-head  engine  tested  a  short  time 
ago  has  actual  radiator  size  about  4  per  cent  greater  than 
formula  size,  but  the  cooling  capacity  was  found  to  be 
at  least  that  amount  in  excess  of  requirements.  As  we 
get  up  into  higher  horsepowers,  the  space  available  in 
which  to  mount  the  radiator  becomes  a  more  and  more 
important  factor,  so  that  air  velocities  and  fan  speeds 
must  be  increased  at  the  expense  of  added  power  for  fan 
drive.  This  introduces  an  added  variable  in  our  formula 
and  consequently  the  radiator  size  formula  is  not  recom- 
mended for  use  above  60  hp.  The  basic  equations  may, 
however,  be  adapted  to  larger  outputs. 
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By  the  foregoing  it  will  be  seen  that  the  problem  of 
cooling  is  fundamentally  one  of  how  much  air  can  be 
economically  delivered  through  the  radiator,  and  to  what 
degree  it  can,  be  economically  heated.  Granted  efficient 
fans  to  choose  from,  it  would  seem  that  the  first  con- 
sideration should  be  the  amount  of  power  that  we  would 
be  justified  in  using  to  effect  the  delivery.  This  available 
power  could  conveniently  be  expressed  in  terms  of  engine 
horsepower. 
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Fig.  3  shows  air  deliveries  effected  by  a  typical  20-in. 
fan  at  varying  fan  speeds,  corresponding  air  velocities 
and  power  consumptions,  the  characteristics  of  each 
of  which  are  typical  of  fans  such  as  are  offered  to  the 
trade.  It  will  be  noted  that  the  volume  of  air  that  can 
be  handled  and  its  corresponding  velocity  increase  well 
in  proportion  as  the  speed  increases,  but  it  is  evident 
from  the  power  consumption  curve  that  a  certain  point 
is  reached  in  fan  speed  beyond  which  the  power  con- 
sumption mounts  upward  with  astounding  rapidity. 

If  it  were  not  for  this,  we  could  deliver  so  much  air 
through  the  radiator  that  there  would  not  be  much  left 
for  the  radiator  manufacturer  to  do,  as  the  radiator 
cost  curve  indicates,  but  in  this  event,  of  course,  the 
purpose  of  the  tractor  engine  would  be  subverted  to 
pulling  wind  instead  of  plows.  On  the  other  hand,  the 
fan  speed  could  be  so  low  that  the  radiator  cost  would 
be  abnormally  high,  and  thus  our^  problem  becomes  also 
one  of  where  to  content  ourselves  along  the  power  con- 
sumption line. 

Consider  for  the  moment  a  35-hp.  L-head  engine.  We 
find,  from  Equation  8  and  using  our  standards,  that 
the  volume  of  air  required  per  minute  for  cooling  is 

equal  to  85  X =  7000  cu.  ft.     From  the  volume 

30 
curve  in  Fig.  8,  we  would  require  a  20-in.  fan  driven  at 
1776  r.p.m.  to  effect  this  delivery.  The  iwwer  required 
would  be  about  1.6  hp.  and  the  resulting  velocity  very 
nearly  checks  with  our  suggested  standard  of  2000  ft. 
per  min.  giving  a  radiator  size  of  85  X  0.1,  or  8.5  sq.  ft. 
The  power  for  fan  drive,  in  this  case,  amounts  to  about 
4y2  per  cent  of  the  engine  power,  a  figure  typical  of 
prevailing  practice. 

Fan  Power  Requirements 

Supi>ose,  however,  that  we  had  chosen  a  22-in.  fan  in 
place  of  the  20-in.  fan.  From  Fig.  4,  showing  power 
consumption  of  fans  of  different  sizes,  each  delivering 
about  7000  cu.  ft.  of  air  .per  min.  through  a  radiator, 
we  find  that  whereas  it  requires  1.5  hp.  to  deliver  7000 
cu.  ft.  of  air  with  a  20-in.  fan  at  1775  r.p.m.,  it  would 
require  only  about  1  hp.  for  a  22-in.  fan  to  deliver  the 
same  volume  at  1400  r.p.m.  If  the  fan  and  the  radiator 
were  properly  incorporated  in  the  tractor  design  from 
the  beginning  instead  of  being  thrown  on  somehow  or 
other  at  the  last  minute,  0.5  hp.  or  0.875  lb.  of  fuel  could 
be  saved  for  each  hour  of  engine  operation.     If  the 
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tractor  is  operated  1000  hours  per  year,  the  saving  with 
fuel  at  20  cents  per  gallon  would  amount  to  $12  per  year; 
assuming  that  this  saving  could  be  applied  to  only  100,- 
000  tractors,  it  is  certainly  worth  conserving. 

In  my  recommendations  for  fan  sizes,  therefore,  I 
have  in  mind  larger  fans  and  slower  speeds  than  those 
in  present  average  practice,  and  propose  that  i>ower  con- 
sumption for  air  deHveries  shall  not  be  more  than  3 
per  cent  of  formula  rated  engine  power.  Although  this 
is  a  subject  that  could  be  dealt  with  more  intelligently 
by  the  fan  manufacturer,  I  believe  that  the  following 
table  showing  recommended  fan  sizes  and  fan  speeds 
will  about  meet  the  suggested  power  limitation  require- 
ments: 

Engine 

25 
SO 
S5 
40 
60 

In  making  this  plea  for  larger  fan  sizes  and  slower 
speeds,  I  have  in  mind  no£^  only  economy  of  operation, 
but  also  alleviation  of  a  number  of  annoyances  such  as 
lubrication,  bearing  troubles,  belt  slippage  and  break- 
ages— ^all  too  familiar,  and  all  incident  to  high  fan  speeds 
and  overloading. 

While  I  have  touched  on  the  fan  question  only  lightly, 
it  is  one  that,  as  applied  particularly  to  the  tractor  in- 
dustry, should  be  well  worth  the  attention  and  study  of 
our  fan  manufacturers  and  I  hope  that  the  leaders  will 
be  far-sighted  enough,  in  uncovering  their  trade  data, 
to  give  us  full  and  open  information  on  the  subject. 

I  trust  I  have  been  able  to  demonstrate  that  cooling 
troubles  are  not  always  the  fault  of  the  radiator,  and 
if  I  have  convinced  the  members  of  the  Section  of  the 
desirability  of  adopting  some  degree  of  standardization 
of  the  essentials  of  cooling,  I  shall  feel  satisfied. 


Air 

Fan          Fan 

FanHp. 

Cu.  Ft  per  Min. 
4000 

Diam.,  In.        r.p.m. 
18  (Narrow  blade)  1600 

0.60 
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18            1600 
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20             1600 
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22             1400 
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24             1400 
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26             1400 
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LUBRICATION  OF  TRACTOR  ENGINES 
By  W  G  Clark* 

Lubrication  is  one  of  the  most  important  factors  enter- 
ing into  tractor  operation.  Fully  75  per  cent  of  tractor 
field  troubles  can  be  directly  or  indirectly  attributed  to 
faulty  lubrication. 

Lubrication  in  general  covers  such  a  broad  field  that 
a  paper  of  this  kind  must  necessarily  be  limited  in 
scope;  I  shall  touch,  therefore,  only  upon  that  part  of 
the  subject  that  has  to  do  with  the  engine,  dwelling 
especially  upon  the  relation  of  lubrication  to  carburetion 
and  ignition  and  upon  the  importance  of  proper  oil  selec- 
tion. The  latter  subject,  that  of  proper  oil  selection^ 
offers  an  opportunity  for  more  extensive  experimental 
work  than  has  been  done  in  the  past,  because  the  lack  of 
data  on  this  subject  and  the  neglect  of  manufacturers  to 
recognize  and  emphasize  its  importance  are  responsible 
for  a  large  part  of  field  lubrication  difficulties. 

In  designing  an  engine  the  method  of  oiling  should  be 
determined  by  the  type  and  by  its  class  of  service.  Un- 
fortunately, tiie  deficiencies  of  engine  design  and  of  fuel 
vaporizing  methods  often  necessitate  the  selection  of  an 
oiling  system  which  may  not  be  the  best  for  the  particu- 
lar type  of  engine  on  which  the  designer  is  thus  forced 
to  use  it.  This  is  particularly  true  of  some  horizontal 
engines,  in  which  the  fuel  is  introduced  in  a  compara- 
tively raw  state  and  which  rely  largely  on  compression 
for  vaporization.  Under  such  conditions  vaporization 
can  at  best  be  only  partial,  and  the  use  of  anything  but 
a  non-circulating  system  is  prohibited  because  of  the 
certainty  of  oil  dilution. 

Types  op  Oiung  Systems 

There  are  many  systems  and  combinations  of  systems 
used  in  tractor  engine  lubrication.  I  do  not  intend  to 
enter  into  a  discussion  of  oiling  systems  in  general,  but 
do  wish  to  touch  briefly  on  a  few  of  them. 

The  old-time  wick  oiler,  which,  was  used  successfully 
on  some  of  the  first  engines,  has  become  obsolete  with 
the  advent  of  heavy  fuels  and  modem  oiling  methods.    It 
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has  been  supplanted  in  the  horizontal  engines  by  the 
self-contained  single-flow  force  feed  and  the  external 
unit  mechanical  oiler.  Naturally  the  horizontal  engine 
is  not  adaptable  to  the  splash  system,  but  if  it  were  the 
methods  of  carbureting  low-grade  fuels  found  on  some 
of  these  engines  would  prohibit  its  use.  Since  the  oil  is 
used  only  once,  a  heavy  oil  consumption  must  be  ex- 
pected. Yet  when  proper  carburetion  methods  are  em- 
ployed these  mechanical  oilers  and  non-circulating  sys- 
tems are  as  efficient  as  any  other.  Some  vertical  engines 
make  use  of  mechanical  oilers  for  similar  reasons,  which 
to  me  seems  attempting  a  cure  without  getting  at  the 
cause  of  the  difi^ulty. 

The  circulating  force  feed,  the  splash,  and  various  com- 
binations of  these,  are  the  systems  by  far  most  commonly  * 
used  in  vertical  tractor  engines.  The  splash  system  is 
especially  easy  to  regulate,  easy  for  the  average  operator 
to  understand  and  care  for,  and  when  unhindered  by  fuel 
troubles,  is  economical  and  well  deserving  of  its  present 
wide  use. 

Selection  of  Lubmcant 

The  selection  of  an  oil,  like  the  selection  of  an  oiling 
system,  ought  to  be  determined  by  the  type  of  engine 
and  the  service  required ;  yet  we  find  thousands  of  trac- 
tor operators  using  any  oil  sold  as  a  ''motor  oiP'  because 
they  think  that  if  they  pay  a  big  price  for  a  so-called 
motor  oil  it  must  be  all  right.  I  know  of  no  greater 
mistake  in  the  tractor  field  today  than  this  common 
belief  that  any  oil  is  good  oil  if  the  price  is  high  enough 
or  if  it  is  bought  in  a  sealed  tin.  The  farmer  is  not 
altogether  to  blame,  because  there  are  no  practical  tests 
he  can  apply  to  determine  the  suitability  of  an  oil  for  his 
engine,  unless  he  actually  tries  it,  which  often  proves 
mostly.  Too  little  attention  has  been  given  by  the  tractor 
manufacturer  to  finding  out  the  best  oils  for  his  engine 
and  insisting  on  their  use.  This  should  be  done  thor- 
oughly and  accurately  by  every  tractor  maker  if  only 
to  insure  the  satisfactory  performance  of  his  product.  I 
know  of  many  tractors  that  have  been  unjustly  con- 
demned simply  because  the  service  man  in  delivering  the 
machine  failed  to  impress  on  the  purchaser  the  impor- 
tance of  correct  oil  and  care. 

The  increasing  use  of  low-grade  fuels  has  drawn  more   ' 
attention  to  the  oil  question,  and  we  now  find  that  some 
of  the  tractor  makers  are  devoting  more  space  in  their  in- 
struction books  to  this  long-neglected  but  important  fac- 
tor.  Some  of  them  were  forced  to  do  so  as  soon  as  they 


Digitized  by  VjOOQIC 


LUBRICATION  OF  TRACTOR  ENGINES  447 

commenced  to  use  low-grade  fuels.  A  horizontal  engine  in 
which  the  fuel  is  not  thoroughly  vaporized  before  admis- 
sion to  the  cylinders  must  use  a  very  heavy-bodied  oil 
to  prevent  immediate  and  excessive  wear,  because  the 
dilution  of  the  lubricant  by  the  ever-present  raw  fuel 
lessens  its  lubricating  qualities  so  rapidly  that  such  an  oil 
is  required  to  furnish  lubrication  after  its  partial  dilu- 
tion. The  fact  that  kerosene  acts  as  a  solvent  of  oil 
more  readily  than  gasoline  accounts  partly  for  the  fact 
that  with  a  heavy-bodied  oil  one  of  these  engines  will 
actually  run  better  on  kerosene  than  on  gasoline.  The 
thick  heavy  oil  is  not  cut  by  the  gasoline,  thus  giving 
greater  piston  drag  and  less  complete  combustion  of 
surplus  oil,  and  often  resulting  in  greater  carbon  forma- 
tion and  less  power  on  gasoline. 

To  illustrate  this  I  will  cite  a  case  that  came  under 
our  observation  some  time  ago.  A  firm  manufacturing  a 
large  single-cylinder  horizontal  engine  stated  enthusi- 
astically that  the  engine  was  developing  considerably 
more  power  on  kerosene  than  on  gasoline,  even  when  the 
gasoline  was  unheated.  We  investigated  and  found  that 
such  was  a  fact  as  long  as  the  very  heavy  oil  was  used, 
necessitated  by  the  defective  carburetion  of  the  kero- 
sene. However,  when  a  lighter  and  more  suitable  oil 
was  used  for  gasoline  the  situation  was  reversed,  which 
serves  to  show  how  easily  one  can  be  led  into  erroneous 
conclusions  because  of  the  close  relation  of  carburetion 
to  lubrication. 

The  selection  of  suitable  oils  for  any  given  type  of 
engine  should  be  made  after  careful  laboratory  tests, 
supplemented  by  equally  careful  field  tests.  The  right 
kind  of  laboratory  tests  require  considerable  apparatus 
and  are  costly,  so  that  certain  recent  developments  in 
physical  chemistry,  of  means  by  which  the  performance 
of  any  oil  can  be  accurately  predicted,  will  do  much,  if 
adopted,  toward  eliminating  some  of  our  lubrication 
difficulties. 

Tests  of  Lubricating  Oils 

In  1913  and  1914,  while  with  the  experimental  de- 
partment of  the  Emerson-Brantingham  Company,  E.  R. 
Greer  and  I  conducted  some  tests  on  lubricating  oils  by 
a  new  method,  which  yielded  some  interesting  results. 

These  tests  were  not  intended  as  a  scientific  investiga- 
tion of  lubricating  oils  for  gas  engines  in  general,  because 
they  were  confined  to  one  engine  and  one  speed,  so  that 
the  results,  while  accurate  in  method,  are  applicable  spe- 
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cifically  only  insofar  as  that  engine  is  concerned.  The 
following  description  of  apparatus  and  procedure  is  a 
partial  excerpt  from  my  report  made  at  the  time,  for 
which  I  am  indebted  to  A.  Krieg,  chief  engineer  of  the 
Emerson-Brantingham  Company: 

'The  engine  used  in  these  tests  was  a  standard  stock 
job,  5  by  7  in.,  four-cylinder,  four-stroke  cycle,  vertical, 
designed  for  heavy-duty  tractor  work.  It  was  placed 
in  the  laboratory  in  September,  1913,  and  used  for  ex- 
perimental work  until  the  middle  of  December.  By  that 
time  all  the  bearing  surfaces  had  been  thoroughly  worked 
in  and  the  friction  of  the  moving  parts  had  become 
practically  constant.  The  engine  was  thoroughly  cleaned 
and  scraped  and  the  connecting-rods,  valves  and  timing, 
checked  over  and  put  in  the  best  of  condition.  Since  the 
success  of  any  comparative  test  depends  upon  the  exact 
duplication  of  every  condition  for  each  successive  test, 
it  was  considered  necessary  to  remove  the  water  pump 
and  governor;  the  water  pump  because  it  was  mounted 
on  the  crankshaft  with  an  adjustable  stuffing  box,  which 
was  likely  to  vary  in  adjustment  and  so  change  the  fric- 
tion of  the  engine.  The  governor  was  replaced  by  a  rod, 
which  *locked  the  throttle  wide  open  where  it  remained 
throughout  the  duration  of  all  tests. 

"The  oiling  system  was  of  the  pump  feed,  circulating 
splash  type,  in  which  the  oil  is  drawn  by  a  cam-driven 
plunger  pump  from  the  oil  reservoir  and  returned  to  the 
crankcase.  Thermometer  wells  were  placed  in  the  oil 
reservoir,  intake  manifold  and  in  the  engine  housing  be- 
tween cylinders  2  and  3,  projecting  down  into  the  crank- 
case. 

'The  cooling  was  accomplished  by  an  electric-motor 
driven  gear  force  pump  circulating  tbe  water  from  a 
large  supply  tank  and  cooling  screen  or  through  an  open 
52-gal.  barrel  as  desired.  By  an  arrangement  of  valves 
and  piping  it  was  possible  to  control  the  water  tempera- 
ture and  regulate  the  flow.  Two  pressure  gages  in  the 
cooling  system  also  ipade  it  possible  to  maintain  the 
same  rate  of  flow  throughout  all  the  tests.  Thermome- 
ter wells  were  placed  both  in  the  inlet  and  outlet  of  the 
cooling  system,  and  oil  baths  were  used  for  the  ther- 
mometers in  all  cases. 

"The  fuel  used  was  57-deg.  motor  spirit,  purchased  all 
in  one  lot  to  insure  uniformity.  It*  was  fed  to  the  car- 
bureter by  gravity  from  a  20-gal.  tank  with  provision 
for  measuring  the  fuel  consumption  accurately. 

"The  djmamometer  was  a  Diehl  electric  cradle-type 
machine  with  which  could  be  ineasqred  small  variations 
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in  load  ranging  from  0.0038  hp.  at  100  r.p.m.  to  O.C 
hp.  at  1500  r.p.m. 

"The  speed  was  obtained  from  a  Schuchardt  &  Schutte 
tachometer  driven  from  the  dynamometer  shaft  and 
checked  by  a  Veeder  counter  on  the  same  shaft. 

"The  actual  testing  i>eriod  for  each  oil  was  about  10% 
hr.,  and  was  divided  into  three  parts,  namely:  Cold 
Friction  Test,  Power  Test  and  Hot  Friction  Test,  run  in 
the  order  given. 

"After  each  oil  was  tested  the  engine  was  subjected 
to  a  thorough  cleaning  to  remove  all  traces  of  the  oil. 
The  oil  reservoir  was  drained,  washed  out  with  kero- 
sene and  wiped  dry.  The  crankcase  was  similarly  treated 
and  then  clean  kerosene  was  put  into  the  oiling  system.  . 
The  engine  was  then  driven  for  a  time  by  the  dynamome- 
ter until  the  kerosene  had  washed  all  through  the  bear- 
ings, after  which  the  whole  system  was  again  drained 
and  wiped  out*  This  process  was  repeated  with  clean 
kerosene  until  the  kerosene  drained  from  the  engine 
contained  no  trace  of  oil.  The  engine  was  then  allowed 
to  stand  several  hours  to  drain  thoroughly,  after  which 
it  was  wiped  dry  before  putting  in  the  new  oil.  This 
cleaning  process  was  followed  after  every  test. 

Cold  Friction  Teat 

"The  first  part,  the  cold  friction  test,  consisted  in 
measuring  the  friction  horsepower  of  the  engine  with 
the  new  and  unused  oil.  This  was  done  by  driving  the 
engine  at  its  rated  speed  of  700  r.p.m.  with  tiie  dynamom- 
eter and  obtaining  the  change  in  friction  as  the  heat  of 
compression  warmed  the  oil  and  jacket  water.  Friction 
power  readings  were  taken  every  15  min.,  together  with 
temperature  readings  from  the  crankcase,  oil  reservoir, 
water-jacket,  intake  manifold  and  room.  The  15-min., 
readings  were  continued  until  the  friction  became  prac- 
tically constant  and  the  temperature  changes  so  small 
as  to  be  inappreciable. 

"This  part  of  the  test  might  have  been  continued  until 
all  the  temperatures  became  constant,  but  the  value  of 
the  readings  would  not  have  been  worth  the  time  re- 
quired to  get  them.  ' 

"By  regulating  the  speed  of  the  water  pump  and 
yeatching  the  pressure  gages  in  the  water  line,  it  was 
easy  to  duplicate  the  rate  of  flow  of  the  cooling  water 
for  each  test,  so  that  any  change  in  the  heating  or 
cooling  rate  in  a  test  could  be  directly  attributed  to  a 
thermal  difference  in  the  oil  itself.    This  idea  of  duplf 
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cation  of  every  essential  condition  was  kept  constantly 
in  mind  throughout  the  tests,  and  every  effort  was  made 
to  eliminate  all  variables,  so  that  all  changes  of  friction 
or  fluctuation  of  any  sort  might  be  charged  to  the  lubri- 
cating oil. 

'The  object  of  the  cold  friction  test  was  to  measure 
the  comparative  lubricating  values  of  the  oils  when  new; 
when  considered  with  the  third  part,  the  hot  friction  test, 
it  forms  a  good  basis  for  the  comparison  of  the  stability 
of  an  oil's  lubricating  value. 

Power  Teat 

'  "The  second  part,  the  power  test,  consisted  of  a  5-hr. 
continuous  power  run  with  wide-open  throttle  and  maxi- 
mum load.  The  5-hr.  run  was  chosen  because  it  was 
estimated  that  when  the  engine  ran  under  full  load  for 
6  hr.  continuously,  the  oil  had  been  subjected  to  the 
same  amount  of  work  as  in  an  ordinary  day's  run  in  the 
field.  During  this  part  of  the  test  the  temperature  of 
the  cooling  water  was  maintained  about  180  deg.  for  all 
the  oils,  and  readings  were  taken  as  in  the  first  part  as 
well  as  those  required  to  measure  the  fuel  consumption. 

Hot  Friction  Test 

"At  the  end  of  the  5-hr.  run  the  third  part  of  the 
test  was  carried  out.  The  cooling  system  was  heated 
to  boiling  temperature  and  the  amount  and  rate  of 
flow  of  the  water  regulated  to  be  the  same  as  in  the  first 
part.  At  this  point  the  fuel  and  ignition  were  cut  off 
and  the  engine  kept  running  at  the  same  speed  by  the 
dynamometer.  Friction,  horsepower  and  temperature 
readings  for  the  first  20  min.  were  taken  at  2-min.  inter- 
vals, because  of  the  rapid  temperature  drop  and  friction 
increase  during  the  first  few  minutes.  The  intervals 
between  readings  were  later  increased  to  15  min.  as  in 
the  first  part,  and  the  run  continued  until  the  oil  and 
water  cooled  down  to  a  point  10  or  15  deg.  above  the  final 
readings  in  the  first  part. 

"This  part  of  the  test  was  really  the  most  important  of 
the  three  as  it  showed  the  difference  in  lubricating  value 
of  the  various  oils  after  being  used  in  the  engine  and  ex- 
posed to  heat.  This  serves  as  a  measure  of  the  stability 
and  lasting  qualities  of  the  oil. 

"At  the  end  of  the  third  part  of  the  test  the  oil  con- 
sumption was  measured  and  a  pint  of  the  used  oil  taken 
for  analysis. 
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''Upon  the  completion  of  the  tests,  check  runs  were 
made  on  several  of  the  oils  to  ascertain  if  there  had  been 
any  change  in  the  engine  friction.  This  second  series 
of  tests  checked  so  closely  with  the  originals  that  we 
were  confident  the  engine  friction  had  not  changed. 

"There  were  twelve  oils  used  in  the  tests,  some  being 
especially  compounded  for  the  engine  and  the  others 
being  common  commercial  motor  oils  such  as  are  used 
in  tractor  work.  No  attempt  was  made  to  obtain  oils 
of  any  special  base,  so  that  of  the  twelve  tested,  two 
were  from  Pennsylvania  paraffin  crudes,  five  or  six  from 
Mid-Continent  crudes  and  the  rest  from  various  semi- 
asphaltic  base  crudes. 

Results  of  the  Tests 

"The  data  acquired  were  plotted  in  diagrams  in  three 
groups  called  the  Temperature-Power,  Time-Temperature 
and  Time-Power. 

"The  Temperature-Power  group  showed  the  variation 
in  friction  horsepower  of  the  engine  with  the  change  in 
temperature  during  Parts  1  and  3. 

"The  Time-Temperature  group  showed  the  time  rate 
of  temperature  change  of  the  different  oils  during  Parts 
1  and  8. 

"The  Time-Power  group  was  merely  a  graphical  rep- 
resentation of  the  entire  test  in  its^  chronological  order, 
showing  the  variation  in  friction  and  maximum  power 
throughout  the  tests. 

"The  temperatures  used  in  plotting  these  diagrams 
were  those  of  the  water-jacket  and  crankcase,  a  different 
set  for  each  temperature." 

The  variation  in  the  friction  of  the  engine  with  the 
different  oils  was  marked  and  easily  measurable.  Two 
oils  of  the  same  gravity  and  viscosity  showed  as  much 
as  a  horsepowier  difference  in  friction  of  the  engine,  and 
two  oils  that  gave  practically  the  same  results  in  Part  1 
were  entirely  different  after  being  subjected  to  heat  for 
5  hours. 

One  of  the  oils,  similar  in  physical  specifications  to 
several  of  the  others,  but  used  chiefly  for  line  shafting, 
was  tested  just  to  see  how  it  would  compare.  It  gave 
good  results  in  Parts  1  and  2,  but  Part  8  showed  that 
the  6-hr.  power  test  had  almost  totally  destroyed  its 
lubricating  qualities. 

If  there  were  such  a  thing  in  petroleum  derivatives  as 
an  ideal  oil,  its  temperature-power  diagram  would  be  a 
horizontal  line;   in  other  words,   its  lubricating  value 
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would  be  the  same  at  all  temperatures  within  the  limits 
of  its  use  in  engines.  Those  oils  whose  temperature- 
power  diagrams  had  the  least  slope,  proved  to  be  the 
better  oils. 

In  the  Time-Temperature  group  the  general  slope  of 
all  the  curves  was  practically  the  same,  although  the 
maximum  and  minimum  points  were  different.  Since  the 
slope  of  these  curves  is  a  measure  of  the  heating  and 
cooling  rates  during  the  various  tests,  the  uniformity 
of  slope  indicates  that  the  rate  of  circulation  of  the  cool- 
ing water  was  uniform.  These  diagrams  might  also  be 
used  to  indicate  the  thermal  capacities  or  insulating 
qualities  of  the  different  oils,  although  sufficient  data 
were  lacking  to  warrant  any  such  conclusion. 

Factors  Determining  Lubricating  Efficiency 

The  comparison  of  the  oils  was  based  on  three  factors : 
Lubricating  efficiency,  oil  consumption,  and  fixed  carbon 
and  insoluble  content.  Lubricating  efiSciency  was  sub- 
divided into  three  parts :  First,  average  maximum  power 
delivered  by  the  engine  with  each  oil;  second,  the  change 
in  friction  horsepower  per  degree  change  in  tempera- 
ture; and,  third,  the  average  friction  between  the  tem- 
perature of  90  and  200  deg.  By  giving  the  three  sepa- 
rate parts  of  lubricating  efficiency  equal  weight  with  oil 
consumption,  fixed  carbon  and  insoluble  content,  lubri- 
cating efficiency  as  a  whole  comprises  three-fifths  of  the 
total  comparative  rating  of  each  oil,  which  seems  a  fair 
proportion.  I  will  not  detail  further  the  methods  of 
scoring  used  in  these  tests.  The  complete  report  and  all 
the  data  were  printed  in  Internal  Comhustion  Engineer- 
ing, May  27  and  June  8,  1914,  published  in  London. 

Chemical  and  Physical  Tests 

Samples  of  each  oil  were  taken  both  before  and  after 
testing  in  the  engine  and  were  analyzed  by  a  chemist. 
A  careful  study  of  the  properties  of  these  oils  in  con- 
junction with  the  results  of  the  tests  failed  to  reveal  any 
distinct  relation  between  the  physical  properties  of  an 
oil  and  its  value  as  a  lubricant.  The  nearest  approach 
to  such  a  relation  seemed  to  lie  in  the  fixed  carbon  and 
insoluble  content,  as  the  oils  that  gave  the  best  results 
had  the  least  amount  of  these  elements.  However,  we 
did  not  feel  justified  at  that  time  in  drawing  any  such 
conclusion,  but  recent  developments  in  physical  chemistry 
of  oils  indicate  that  our  beliefs  were  not  unfounded. 
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These  tests  proved  to  us  that  the  performance  of  an 
oil  in  an  engine  cannot  be  predicted  accurately  by  the 
usual  physical  tests,  as  given  in  ordinary  oil  specifica- 
tions. Of  course,  the  viscosity  and  cold-test  properties 
must  be  suitable  for  the  service  intended,  but  in  them- 
selves they  are  no  basis  for  judging  an  oil's  utility.  - 

Actual  laboratory  and  field  tests  are  the  best  gages  of 
an  oil's  suitability  for  an  engine  and*  will  continue  to  be, 
until  some  newer  and  simpler  method  is  worked  out. 
Such  a  method,  which  is  chiefly  a  chemical  one,  was  de- 
scribed in  a  paper  by  C.  W.  Stratford  entitled,  Standard- 
ized Specifications  for  Lubricating  Oils,  which  appeared 
in  the  February  issue  of  The  Journal,*  I  heartily  rec- 
ommend a  careful  reading  of  Mr.  Stratford's  paper  be- 
cause it  seems  to  offer  a  simple  and  logical  solution  of 
many  present  problems  in  oil  testing.  Mr.  Stratford 
corroborates  our  conclusions  regarding  the  inefficiency 
of  tHe  customary  physical  tests  as  criteria  of  lubricating 
suitability,  and  he  also  emi^asizes  the  importance  of  a 
minimum  of  carbonaceous  insolubles  in  oils. 

Importance  of  Clean  Oil 

Proper  care  of  the  lubricating  system  can  be  summed 
up  briefiy  in  three  words:  Keep  it  clean!  It  seems  to 
be  difiicult  to  impress  upon  the  average  operator  the 
fact  that  lubricating  oil  wears  out  and  gets  dirty,  even 
though  protected  from  external  dirt.  The  average  opera- 
tor forgets  that  the  tractor  oil  is  subjected  to  six  or 
seven  times  the  service  that  an  automobile  oil  gets  in 
the  same  length  of  time,  and  as  a  result  he  neglects  the 
more  frequent  cleaning  and  replacing  required.  The  best 
oil  that  can  be  obtained  will  wear  out  and  become  gritty 
with  use  and  must  be  thoroughly  cleaned  out  in  order  to 
protect  the  engine  bearings. 

Putting  fresh,  clean  oil  into  a  dirty  crankcase  with 
worn-out  oil  is  a  waste  of  good  oil ;  the  old  contaminates 
th^  new  in  a  short  time.  The  infrequency  of  cleaning  is* 
augmented  by  incomplete  or  poor  vaporization  methods, 
because  of  oil  dilution.  It  is  a  regrettable  fact  that  too 
often  a  tractor  operator  gages  the  condition  of  his  oiling 
system  by  the  quantity  of  oil  in  it  rather  than  by  the 
quality  and  condition  of  the  oil;  this  accounts  for  many 
burnt-out  bearings,  which  were  apparently  flooded  with 
oil. 

Spark-Phig  Trouble  Caused  by  Oil 

The  spark-plug  question  is  worthy  of  mention  in  con- 
nection with  lubrication.    There  are  on  the  market  many 


*Thi8  paper  to  repiinted  on  pag«  611  of  this  volume. 
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good  spark-plugs  for  every  class  of  service,  but  some  of 
them  have  been,  and  are,  unjustly  condemned,  because  of 
poor  selection,  improper  location,  poor  carburetion  and 
dirty  lubrication. 

^  If  the  right  type  of  plug  is  used,  if  the  carburetion  is 
even  approximately  correct  and  if  the  lubricating  oil  is 
kept  clean,  a  spark-plug  will  never  foul.  That  statement 
is  backed  by  many  personal  experiences  and  hundreds  of 
field  reports.  I  know  of  case  after  case  where  spark- 
plug trouble  was  totally  eliminated  by  simply  washing 
out  a  dirty  crankcase  and  using  ifresh,  clean  oil. 

Author's  Conclusion 

The  problem  is  one  of  cooperation  among  gas-engine 
engineers,  ignition  and  carbureter  makers  and  oil  refiners. 
To  insure  lubrication  efiiciency  and  freedom  from  lubri- 
cation troubles  in  the  field,  the  tractor  manufacturer 
must  first  ascertain  the  oils  suitable  for  his  engine; 
second,  recommend  a  sufficient  number  ^f  them  to  cover 
all  territories,  insisting  on  their  use;  and  third,  help  to 
educate  tractor  owners  to  the  importance  of  correct  lu- 
bricating oil  and  its  proper  care.  This  need  cause  no 
discrimination  as  regards  oil  refiners  because  it  is  possi- 
ble to  find  several  oils  from  various  sources  which  are 
equally  suitable  for  any  particular  engine. 

In  conclusion  I  repeat  that  I  believe  the  field  of  lubri- 
cation offers  fully  as  g^eat  an  opportunity  for  research 
and  development  as  any  other  in  tractor  work,  and  that 
such  research  and  development  must  be  carried  out  in 
conjunction  with  carburetion,  ignition  and  engine  design. 

THE  DISCUSSION 

C.  P.  Fortnbr:— The  following  contains  a  few  statis 
tics  in  regard  to  the  oil  situation  at  the  present  time : 

"In  1916,  when  all  United  States  oil  fields  produced 
312,000,000  barrels  of  crude  oil,  the  demand  exceeded  the 
production.  In  1917  the  entire  production  was  341,000,- 
000  barrels.  This  was  all  consumed  and  the  reserve 
stock  was  drawn  on  for  50,000,000  barrels.  During  the 
last  two  months  of  the  past  year,  on  account  of  the  ex- 
tremely cold  weather,  drilling  for  new  production  was 
practically  suspended.  In  one  field  alone  there  were  115 
drilling  rigs  set  for  drilling,  of  which  80  did  not  turn  a 
wheel.  This  means  that  new  production  has  already  been 
reduced  nearly  16  2/8  per  cent.  It  will  be  impossible  to 
overcome  this  shortage.     It  is  safe  to  say  these  same 
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conditions  existed  throughout  Kansas  and  Oklahoma.  As 
we  used  50,000,000  barrels  from  the  reserve  stock  in 
1917,  probably  with  the  increased  demand  on  account  of 
the  increase  in  the  automobile  and  tractor  business,  and 
also  in  the  steamships  now  building  and  to  be  built, 
nearly  all  of  which  are  oil  burners,  the  demand  for  this 
year  will  double  the  amount  drawn  from  the  reserve 
stock,  or  100,000,000  barrels." 

However,  for  this  year  at  least  there  will  be  enough 
fuel  in  .the  market  for  tractor  consumption;  I  cannot 
say  anything  about  the  price,  but  I  can  state  that  there 
probably  will  be  enough  fuel. 

The  method  of  distribution  is  very  important.  My 
company  is  a  very  large  distributer  of  fuel  all  over 
the  United  States — ^all  over  the  world  at  one  time — 
and  during  the  past  three,  years  we  have  been  estab- 
lishing stations,  until  we  now  average  a  station  every 
20  miles  on  the  railroad  lines  throughout  the  coun- 
try, with  the  exception  of  the  State  of  Texas.  Fur- 
ther than  that,  we  are  rendering  a  valuable  service 
to  the  farmer  by  giving  him  the  benefit  of  this  service. 
From  a  study  of  maps  we  have  worked  out  rural  routes, 
and  at  nearly  all  of  our  stations,  as  fast  as  is  possible, 
the  agent  is  being  equipped  with  a  tank  wagon — ^a  notor 
truck  wagon,  in  fact — in. order  to  make  deliveries  direct 
to  the  farmer.  At  the  present  time  the  farm  is  con- 
sidered a  plant.  The  farmer  has  a  stationary  engine,  an 
automobile,  and  possibly  a  tractor,  and  he  is  entitled  to 
the  service  which  we  have  worked  out  for  his  benefit. 
I  think  this  will  be  appreciated  by  the  tractor  builders, 
as  it  helps  them  to  sell  their  product  throughout  the  coun- 
try. The  farmer  will  get  his  fuel  and  his  lubricants  right 
at  his  door. 

J.  V.  Mahoney: — Several  years  ago,  with  the  old 
splash-tank  type  of  tractors,  practically  all  the  trouble  ex- 
perienced was  due  to  ignorance  on  the  part  of  the  opera- 
tor. In  one  case  a  tractor  was  delivered  with  an  engine 
having  a  non-circulating  splash  system.  The  engine  was 
of  the  four-cylinder  vertical  type,  the  crankcase  having 
one  compartment  in  which  the  oil  was  permitted  to  slop 
from  one  end  to  the  other.  When  the  machine  was 
traveling  up  hill  all  the  oil  went  into  the  rear  cylinder 
and  when  going  down  hill  it  was  all  in  the  front.  On  a 
hilly  field  the  farmer  spent  about  90  per  cent  of  his  time 
cleaning  the  front  or  the  rear  spark-plugs.  The  farmer 
asked  the  expert  who  delivered  the  tractor  how  often  he 
would  have  to  put  oil  in  the  crankcase.     "Well,"  the 
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expert  said,  "not  the  first  year,  and  only  once  the  second 
year."  This  was  out  in  Glasgow,  Mont,  and  I  believe 
the  farmer's  repair  bill  in  about  two  weeks  amounted  to 
$780  and  my  time. 

R.  E.  Plimpton  (M.  S.  A.  E.) :— It  is  believed  that  we 
can  formulate  specifications  for  lubricating  oil.  The  sug- 
gestions in  Mr.  Stratford's  paper  appear  reasonable,  and 
they  are  complete  and  definite.  I  would  like  to  ask  Mr. 
Clark  whether,  if  the  oil  refiners  and  the  tractor  engineers 
and  others  actually  using  the  oils  will  cooperate,  we  can- 
not get  some  lubricating  oil  specifications  that  will  be  of 
benefit  to  everybody,  so  that  we  can  get  the  right  quality 
of  oil  and  get  it  at  a  fair  price. 

Mr.  Clark: — The  procedure  outlined  in  Mr.  Stratford's 
paper  appeals  to  me  as  a  possible  means  of  doing  away 
with  the  tests  used  in  the  past  for  determining  oil  suit- 
ability. It  seems  logical,  and  in  my  opinion  it  is  all  right, 
although  it  is  new  and  has  not  been  tried  out  thoroughly. 

Mr.  FcMtTNER: — As  regards  lubricating  oil,  it  seems 
to  me  that  if  the  engine  requirements  continue  to  in- 
crease the  oil  men  will  be  backed  up  against  the  fence. 
Oil  is  not  phenomenal,  and  has  its  limitations.  On  this 
proposition  the  oil  men  would  like  to  ask  for  the  co- 
operation of  the  engine  designers.  Lubrication  troubles 
that  we  are  having  might  be  due  to  faulty  engine  con- 
struction. It  is  a  fact  that  fuels  are  necessarily  heavier, 
that  the  requirements  are  greater,  and  that  we  are  con- 
tending with  something  that  causes  the  rapid  dissolution 
of  the  oil  with  which  it  comes  in  contact.  Under  certain 
conditions,  after  the  oil  has  rested,  it  will  regain  its 
viscosity,  but  ordinarily  the  extreme  heat  and  contact 
with  the  fuel  thin  the  lubricant  rapidly. 

Two  oils  from  different  fields,  subjected  to  the  same 
physical  tests  in  the  same  engine  under  the  same  condi- 
tions, may  give  altogether  different  results.  A  standard 
lubricant  therefore  cannot  be  manufactured  unless  the 
base  from  which  the  lubricant  is  taken  is  known.  That 
is  something  absolute — ^that  we  know  and  can  all  agree 
on.  We  should  know  the  base  of  the  crude  in  order  to 
arrive  at  the  correct  base  for  the  lubricant  for  tractor 
or  automobile  engines  of  any  description. 

P.  J.  Dasey: — Experiments  carried  out  in  our  experi- 
mental laboratory  with  fuels  and  lubricating  oils  indicate 
to  a  certain  degree  the  end  in  engine  design  to  which  we 
must  work  if  more  successful  operation  and  service  to  the 
customer  are  to  be  reached. 
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Gasoline  as  Fuel 

Gasoline  varies  in  nature  as  much  as  the  men  who  make 
it.  Some  refiners  make  gasoline  with  a  fairly  low  initial 
boiling  point  and  a  low  end  point  in  the  distillation 
range;  this  is  called  good  or  high-test  gasoline.  Others 
make  a  product  of  heavy  material  blended  with  casing- 
head  gasoline,  the  latter  a  very  light  product,  in  order  to 
make  starting  easy;  in  many  cases  the  heavy  material  is 
not  suitable  for  use  in  gasoline  engines  and  condensa- 
tion results,  with  loss  of  fuel  and  dilution  of  lubricant. 

Other  refiners  make  a  product  consisting  entirely  of 
heavy  material  which  is  not  easy  to  start  on  and  also 
brings  about  loss  of  fuel  and  dilution  of  lubricant. 

The  first  kind,  high  test,  is  really  the  only  gasoline  fit 
to  use  in  an  engine  not  provided  with  means  for  heating 
the  gasoline  in  order  to  turn  it  into  gas.  Its  use  insures 
that  condensation  will  not  take  place  and  that  the  lubri- 
cant will  do  its  work  as  intended,  assuming  that  the  lu- 
bricant is  of  the  proper  quality  for  the  particular  type 
of  engine  i)eing  used. 

It  is  safe  to  say  that  in  the  majority  of  cases  it  is 
better  to  use  some  kind  of  heating  device  in  order  to 
assist  gasification  of  the  heavy  ends  of  the  fuel,  even 
though  there  is  a  slight  loss  in  volumetric  eflSciency.  The 
reasons  are  that  greater  economy  is  obtained  and  danger 
of  bearing  trouble  is  reduced  owing  to  the  absence  of 
lubricant  dilution  and  there  being  no  necessity  for  chang- 
ing the  oil  as  often  as  would  otherwise  be  required; 

Kerosene  As  Fuel 

Kerosene  is  heavier  than  gasoline,  and,  puond  for 
pound,  gives  more  heat  units  than  gasoline,  but  it  is  far 
more  difficult  to  use.  It  also  varies  in  composition  some- 
what the  same  as  gasoline,  although  to  a  less  degree,  for 
the  reason  that  laws  have  been  passed  to  keep  refiners 
within  certain  limits  as  to  the  light  end  content,  while 
the  necessity  for  having  an  oil  that  will  not  smoke  when 
used  in  lamps  has  caused  the  refiners  to  keep  the  heavy 
ends  as  well  within  certain  limits,  giving  the  user  an  oii 
well  cleaned  and  practically  water  white  in  color. 

The  average  engine  of  today  will  not  handle  kerosene 
as  efilciently  as  gasoline  because  of  the  inherent  qualities 
of  these  fuels,  which  are  so  little  understood. 

High  test  gasoline,  deg.  fahr 802 

Good  gasoline,  deg.  fahr 410 

Common  gasoline,  deg.  fahr 430 

Poor  gasoline^  deg.  fahr 450 
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The  end  points  of  different  grades  of  gasoline  should 
not  be  above  the  temperatures  noted. 

Average  gasolines  have  end  points  between  410  and 
430  deg.  f ahr. 

Kerosene  varies  from  475  to  500  deg.  f ahr.  end  points 
and  has  an  initial  boiling  point  of  from  265  to  300  deg. 
fahr. 

From  this  it  will  be  seen  that  a  gasoline  with  a  distilla- 
tion range  from  120  to  410  deg.  fahr.  has  considerable 
kerosene  content — say  all  of  that  part  of  it  distilling  over 
between  302  and  410  deg.  fahr.,  which  will  average 
around  20  to  50  per  cent. 

On  the  other  hand,  kerosene  can  be  said  to  contain  a 
considerable  proportion  of  gasoline,  if  one  chooses  to  look 
at  it  that  way,  as  all  of  it  distilling  over  below  410  deg. 
can  be  classed  as  gasoline. 

Personally,  in  my  research  work,  I  take  kerosene  as  I 
find  it  and  call  it  kerosene,  and  likewise  I  consider  as 
unadulterated  gasoline  only  that  portion  of  commercial 
gasoline  which  distills  over  below  the  point  where  kero- 
sene begins;  for  laboratory  purposes  I  have  set  that 
point  at  802  deg.  fahr. 

In  the  tractor  field  as  in  the  automobile  field  we  are 
forced  to  take  gasoline  as  we  find  it  for  sale  on  the 
market.  It  is  safe  to  say  that  about  a  half-and-half 
mixture  is  being  sold,  although  the  kerosene  half  is  the 
lightest  end  of  the  kerosene,  and  is  handled  more  easily 
than  a  mixture  of  50  per  cent  high  test  gasoline  and 
50  per  cent  kerosene  would  be  for  the  reason  that  the 
former  does  not  contain  the  heavy  material  which  causes 
so  much  trouble. 

Splash  Feed  Lubrication 

The  lubricant  used  in  splash  feed  engines  must  be 
fluid  enough,  even  when  cold,  to  be  readily  distributed, 
yet  have  sufficient  body  when  hot  to  keep  the  wearing 
surfaces  apart  under  maximum  load  working  conditions. 
The  oil  is  forced  to  the  bearings  solely  by  gravity,  and, 
under  such  conditions,  it  must  be  very  thin  to  work  in 
between  the  surfaces.  When  it  is  considered  that  the 
load  on  the  bearings  of  a  tractor  engine  is  practically 
maximum  at  all  times,  it  is  remarkable  that  any  great 
service  is  obtainable  from  such  as  are  splash  fed,  but  we 
know  that  they  do  give  good  service  in  many  instances. 

With  the  oil  in  a  thinned-out  condition  from  heating 
and  then  cut  or  diluted  with  kerosene,  the  condition  is 
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far  worse  and  damage  more  likely  to  result  than  in  an 
engine  using  gasoline,  because  the  body  of  the  oil  is  re- 
duced in  resistance  and  must  naturally  allow  metal-to- 
metal  contact  at  a  much  earlier  load  stage  than  when  the 
oil  is  undiluted. 

If  to  this  condition  of  reduced  efficiency  in  the  oil  is 
added  that  of  fine  particles  of  silicon  or  sand  taken  'into 
the  cylinders  and  washed  down  into  the  crankcase,  also 
the  grit  which  gets  in  through  the  breather  tube,  we 
have  a  condition  that  is  really  serious.  The  sand  is  bad 
enough  in  new  oil  but  its  cutting  action  does  not  get  into 
full  force  until  the  oil  has  become  diluted.  The  greater 
the  dilution  the  greater  the  cutting  effect  will  be;  hence 
the  vital  importance  of  keeping  out  the  fine  silicon  par- 
ticle's and  preventing  dilution  of  lubricant. 

Pressure  Feed  LubriecUion 

In  heavy-duty  work  pressure  feed  to  all  wearing  parts 
is  of  great  importance.  In  the  first  place,  it  permits  the 
use  of  a  heavier-bodied  oil,  because  the  oil  is  moved  by 
pressure  to  the  necessary  points.  The  heavier  oil  will 
stand  up  under  heavier  working  pressures.  The  oil  feed 
increases  as  the  speed  increases,  and  in  case  of  dilution 
the  heavy  oil  can  stand  more  than  the  thinner  oil  without 
reaching  the  danger  point. 

Dust  or  silicon  is  not  as  effective  in  heavy  oil  as  in 
light,  thin  oil.  I  do  not  mean  to  say  that  dust-laden  oil 
is  not  to  be  considered  a  poor  lubricant  in  the  case  of  the 
pressure-fed  engine.  On  the  contrary,  I  am  convinced 
that  the  first  tractor  engine  requirement  is  to  completely 
eliminate  the  ingress  of  dust  or  sand,  and  unless  this  is 
done  efficiently  some  other  prime  mover  will  make  its  ap- 
pearance in  the  near  future  and  eventually  displace  the 
internal-combustion  engine  in  the  tractor  field.  I  feel 
sure,  however,  that  in  this  great  industry  there  are  brains 
sufficient  to  solve  this  matter  in  short  order,  once  its 
importance  is  realized.  In  fact  it  is  well  on  the  way  to 
solution  at  the  present  time. 

Governor  Control  of  Engines 

While  govertiors  might  not  seem  to  have  anjrthing  to 
do  with  lubrication,  upon  close  analysis  the  two  subjects 
are  found  to  be  intimately  connected. 

There  are  two  sources  of  heat  in  an  engine,  the  burning 
of  the  charge  in  the  cylinder  and  friction.  All  oils  have 
limits  of  temperature  beyond  which  it  is  not  safe  to 
heat  them,   if  best  results  are  to  be  obtained.      Let 
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US  assume  that  an  oil  is  working  well  in  a  four-stroke 
cycle  engine,  wide-open  throttle,  running  at  1000  r.p.m. 
(500  explosions  per  minute),  and  consider  the  explosive 
and  f  rictional  heat  generated  at  that  speed.  Any  increase 
in  engine  speed,  with  load,  will  necessarily  result  in  con- 
siderably more  heat  from  the  burning  charges,  giving  a 
larger  percentage  of  frictional  heat  because  the  f rictional 
load  increases  much  more  rapidly  above  1000  r.p.m.  than 
it  does  below  that  point;  especially  is  this  true  if  radia- 
tion has  been  figured  on  the  basis  of  1000  r.p.m.,  maxi- 
mum working  load.  Therefore,  to  my  mind  it  is  of 
prime  importance  to  regulate  or  govern  positively  the 
engine  speed  not  to  exceed  1000  piston  ft.  per  min.,  and 
provide  the  necessary  factor  of  safety  in  radiation. 

I  have  recently  made  some  tests  of  oil,  the  results  of 
which,  as  noted  below,  are  accurate  within  a  fraction  of 
one  per  cent. 

New  Oil  Test 

The  contents  of  a  well-known  lubricating  oil  were  as 
follows : 
Material  distilling  up  to  end  point  of  kerosene 

distillate,  per  cent 10.50 

Lubricating  distillate,  per  cent 86.75 

Coke,  per  cent 2.75 

Total,  per  cent 100.00 

The  same  oil,  used  with  high  test  gasoline  fuel  for 
20  hours,  under  full  load  at  1000  r.p.m.,  was  of  the  fol- 
lowing composition: 
Material  distilling  up  to  end  point  of  kerosene 

distillate,  per  cent 0.00 

Lubriciiting  distillate,  per  cent 95.50 

Coke,  per  cent 4.50 

Total,  per  cent 100.00 

This  shovTS  that  at  the  end  of  20  hours'  run,  all  of  the 
light  material  had  disappeared  and  the  coke  had  in- 
creased from  2.75  to  4.50  per  cent,  that  is  1.75  per  cent. 

The  test  was  run  with  high-grade  gasoline  to  prevent 
dilution,  and  it  shows  not  only  no  dilution,  but  that  the 
light  ends  of  the  lubricating  oil  itself  are  missing,  having 
been  used  up  as  fuel. 

The  next  test  was  with  a  similar  new  oil,  after  it  bad 
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been  used  for  one  week,  under  full  load  conditions,  with 

kerosene  for  fuel: 

Material  distilling  over  up  to  end  point  of  kerosene 

distillate,  per  cent 40.50 

Lubricating  distillate,  very  light,  per  cent 55.00 

Coke,  per  cent 4.50 

Total,  per  cent 100.00 

This  test  shows  40.5  per  cent  dilution,  a  net  gain  of 
SO  per  cent  above  what  the  new  oil  contained  in  light 
material,  and  does  not  take  into  consideration  any  part 
of  that  light  end  that  undoubtedly  was  consumed,  as  in 
the  first  test  mentioned.  It  does  show  40.5  per  cent  light 
material,  which  is  really  a  fuel,  55  per  cent  of  a  lubricat- 
ing distillate  too  light  for  any  purpose  except  high-speed 
spindle  work  and  an  increase  in  the  coke  (carbon) . 

The  separation  of  the  carbon  in  the  form  of  coke  re- 
moves the  large  percentage  of  real  lubricant  or  body  of 
the  oiL 

It  will  be  noted  that  in  the  oil  used  one  week  the  coke, 
content  is  larger  than  in  the  unused  oil,  where  it  is  but 
2.75  per  cent.  This  increase  is  undoubtedly  due  to  a 
partial  breaking  down  or  decomposition  of  the  lighter 
portions,  the  light  gases  being  burned  and  the  heavier 
ends  containing  the  tar  carried  or  washed  down  into  the 
crankcase. 

Later,  a  series  of  tests  will  be  made  with  different 
oils  to  determine  how  long  it  is  advisable  to  allow  an 
engine  to  operate  with  the  same  oil,  using  gasoline  and 
kerosene  as  fuels.  These  determinations  appear  to  be 
very  important  owing  to  the  fact  that  a  certain  percent- 
age of  dilution  must  be  figured  on  in  all  kerosene-burn- 
ing engines,  especially  those  of  the  vertical  type,  until 
the  use  of  kerosene  fuel  has  reached  a  more  developed 
stage.  Undoubtedly  some  engines  operate  with  less  dilu- 
tion than  others,  but  thus  far  I  have  not  received  a  single 
sample  of  oil  that  does  not  show  dilution.  These  have 
been  from  all  types  and  sizes  of  engines. 

At  a  recent  meeting  of  the  American  Society  of  Agri- 
cultural Engineers  it  was  stated  in  a  paper  read  by  a  pro- 
fessor of  engineering  of  a  large  western  agricultural  col- 
lege that  an  analysis  of  the  "carbon"  taken  from  the 
cylinders  of  engines  in  use  in  the  field  showed : 

10  per  cent  which  would  dissolve  in  gasoline. 

10  per  cent  which  would  dissolve  in  chloroform. 

80  per  cent  silicon. 

The  first  thing  to  consider  in  the  solution  of  the  trac- 
tor engine  lubrication  problem  is  to  strain  the  air  enter- 
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ing  the  carbureter  and  breather  tube  so  that  it  will  be  as 
nearly  100  per  cent  clean  as  possible.  That  will  eliminate 
the  cause  of  a  large  part  of  lubrication  trouble.  The 
next  question  is  to  govern  the  engine  speed  properly. 
Pressure  oil  feed  to  all  wearing  surfaces  should  be  em- 
ployed; the  tractor  manufacturer  should  use  and  insist 
on  customers  using  the  best  lubricating  oil  obtainable, 
changing  it  as  frequently  as  is  determined  necessary  by 
positive  test.  If  fuel-oil  engines  are  developed  to  a  higher 
point  of  efficiency  to  avoid  dilution  only  minor  difficulties 
will  remain. 

E.  A.  La  Schum  (A.  S.  A.  E.) : — Lubrication,  or 
rather  lack  of  lubrication,  we  believe  is  one  of  the  things 
that  caused  us  much  trouble  and  expense  in  operating 
the  motor  vehicle  equipment  of  the  American  Express 
Company.  This  condition  has  developed  more  especially 
since  it  became  necessary  for  us  to  use  the  heavier  fuels. 
We  were  seriously  troubled  with  oil  dilution  owing  to 
gasoline  working  past  the  pistons  into  the  crankcase,  and, 
of  course,  this  was  more  pronounced  during  the  winter 
months.  We  were  buying  cylinder  oil  from  various  re- 
finers or  jobbers,  believing  that  we  were  getting  the 
best  oil  produced,  but  after  much  trouble  with  burnt-out 
connecting-rod  bearings,  scored  cylinders  and  pistons, 
lack  of  power,  difficult  starting  and  waste  of  fuel,  we 
decided  to  do  a  little  research  work,  and  therefore  pur- 
chased some  laboratory  apparatus,  consisting  of  a  stand- 
ard Saybolt  viscosimeter,  .apparatus  for  flash  and  Are 
tests,  and  the  necessary  apparatus  for  making  the  cold 
test.  We  commenced  making  tests  of  various  brands  of 
cylinder  oil  in  the  early  part  of  the  winter  of  1917. 

A  little  practice  soon  convinced  us  that  gravity  and 
color  were  of  no  importance* to  us;  that  flash  and  fire 
figures  were  of  comparatively  little  importance,  but  that 
viscosity  was  of  great  importance;  of  course,  we  had  to 
provide  oil  that  would  pour  at  the  temperatures  of  win- 
ter. We  started  out  with  the  idea  that  the  oil  we  were 
using  was  not  heavy  enough  for  the  purpose.  We  be- 
lieved that  by  using  the  heavy  oil  we  could  practically 
dam  the  flow  of  gasoline  past  the  piston  and  bring  about 
higher  compression,  more  perfect  combustion,  cleaner 
valves  and  hence  greater  power,  all  of  which  goes  a  long, 
way  in  bringing  about  economy  of  fuel  and  the  elimina- 
tion of  troublesome  repairs  caused  by  dilution  of  oil  in 
the  crankcase. 

By  experiment  and  observation  we  have  reached  the 
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conclusion  that  an  oil  suitable  for  our  purpose  should  be 
about  as  follows: 

Gravity,  deg.  Baum£ 19.8 

Flash  open  cup,  deg.  fahr.,  about 370.0 

Burn,  deg.  fahr.,  about 400.0 

Chill  at,  deg.  fahr 0.0 

Viscosity  at  100  deg.  fahr.,  sec 470.0 

Viscosity  at  212  deg.  fahr.,  sec 56.0 

We  are  now  using  oil  which  meets  these  specifications 
and  the  result  has  been  most  gratifying.  Burnt-out  bear- 
ings are  a  thing  of  the  past;  oil  dilution  does  not  trouble 
us;  engines  are  more  easily  started  and  drivers  report 
much  more  snap,  which  is  a  very  satisfactory  condition 
all  around. 

I  agree  with  Mr.  Clark  that  the  selection  of  proper 
lubricating  oil  offers  a  big  opportunity  for  more  exten- 
sive experimental  work  than  has  been  done  in  the  past, 
because  lack  of  information  on  this  subject  and  the  neg- 
lect of  oil  refiners  to  lend  assistance  have  been  responsible 
for  many  lubrication  troubles.  The  selection  of  oil  should 
be  determined,  to  a  great  extent,  by  the  type  of  engine 
and  service  required,  but  I  have  found  no  difficulty  in 
using  the  same  grade  of  oil  on  the  several  types  of  en- 
gines operated  by  the  American  Express  Company.  We 
have  a  number  of  sleeve-valve  engines  and  a  great  num- 
ber of  poppet-valve  engines,  also  high-speed  and  low- 
speed  engines.  We  use  the  same  grad^  of  oil  in  all  types, 
even  in  the  horizontal  engine. 

We  believe  that  the  performance  of  oil  in  an  engine 
can  be  rather  accurately  predicted  by  the  physical  test 
as  given  in  the  ordinary  oil  specifications,  and  that  the 
consumer  who  operates  a  large  number  of  motor  trucks 
should  make  frequent  laboratory  tests  of  samples  taken 
from  regular  stock  deliveries  to  make  sure  that  he  is 
getting  the  oil  specified. 

I  am  satisfied  that  many  operators  rely  too  much 
on  the  oil  level  gage.  Spark-plugs  will  not  foul  if  car- 
buretion  is  correct  and  lubricating  oil  is  properly  selected 
and  kept  clean.  I  feel  sure  that  maintenance  costs  can 
be  materially  reduced  by  carefully  working  out  the  lubri- 
cation problem.  I  have  found  this  siniple  and  easy  to  do. 
and  believe  that  every  operator  of  motor  trucks  should 
give  the  matter  immediate  attention. 
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It  is  evident  that  much  time  and  money  have  been 
spent  in  the  enlistment  of  technical  skiU  to  the  end 
that  the  production  of  internal-combustion  engine  fuel 
may  keep  pace  with  the  rapidly  increasing  demand. 
Let  us  therefore  focus  our  attention  upon  engine  pro- 
duction and  operation — ^with  food  for  thought  drawn 
from  limited  laboratory  and  more  extenaive  field  obser- 
vations. 

Oil  Rehnebs 

Beyond  doubt  the  oil  refiners  would  have  us  use  a 
fuel  which  they  can  produce  in  largest  possible  volume, 
of  the  highest  possible  specific  gravity,  and  lowest  vola- 
tility. We  are  using,  with  a  large  measure  of  satisfac- 
tion, fuels  which  have  an  end-point  of  450  deg.  fahr. 
How  much  farther  than  this  can  we  go?  How  much 
farther  will  we  be  asked  or  forced  to  go? 

Accessory  Manufacturers 

Manufacturers  of  carburetion  devices  will  warmly  wel- 
come the  arrival  of  a  fuel  of  constant  characteristics. 
Their  problem  has  been  highly  complex — ^the  delivery  of 
a  variable  fuel  under  varying  load,  speed  and  weather 
conditions.  Much  has  been  accomplished,  but  an  exami- 
nation of  the  field  of  tractors  reveals  the  fact  that  in  the 
end  the  adaptations  have  been  made  by  the  engine  de- 
signers and  builders  and  to  them  is  largely  due  the 
present  measure  of  success  in  burning  heavy  fuels. 

It  has  been  argued  that  engine  and  carbureter  design- 
ers have  been  working  along  lines  not  parallel  but  so 
slowly  converging  that  their  meeting  point  is  discour- 
agingly  far  distant.  It  cannot  be  denied  that  most  trac- 
tor engine  builders  are  too  contented  with  an  adapted 
automobile  carbureter.  The  more  efficient  utilization  of 
present  fuels  and  the  possible  use  of  still  heavier  oils  is 
more  contingent  upon  engine  than  upon  accessory  design. 

The  spark-plug  manufacturers  are  making  every  ef- 
fort to  combat  the  evils  of  high  temperatures  and  unequal 
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expansion  of  materials.  Present  international  relations 
may  be,  in  part,  blamed  for  the  state  of  the  industry 
but  they  should,  on  the  other  hand,  be  a  powerful  incen- 
tive to  American  producers  to  invent  or  discover  the 
necessary  dielectric  and  electrode  materials.  Spark-plug 
failures  are  by  far  too  consistent  in  our  present  kerosene 
engines.  Plugs  have  been  in  constant  use  for  three  years 
without  being  cleaned,  but  probably  in  such  cases  some 
credit  must  be  given  to  engine  design,  lubrication  and 
carbureter  adjustment.  A  tractor  operator  who  must  re- 
place one  to  four  plugs  per  day  is  exceedingly  unfortu- 
nate. 

Without  intending  to  open  up  at  this  time  the  subject 
of  battery  vs.  magneto  ignition,  it  is  my  belief  that  we 
shall  depend  upon  the  latter  in  tractor  work.  I  have 
nothing  to  exact  from  magneto  manufacturers  from  the 
standpoint  of  tractor  fuels.  We  do  need,  however,  a  bet- 
ter product  from  an  jnsulation  and  dielectric  standpoint. 

Fuel  Needed  by  Engine  BxnLDEBS 

The  engine  designers  and  builders  are  looking  for  a 
fuel  which  will  permit  the  use  of  standard  materials, 
the  combustion  of  which  is  not  destructive  of  engine 
parts,  which  is  not  destructive  of  the  lubricant,  and 
which  will  bum  clean. 

Our  field  men  and  designers  are  all  too  familiar  with 
valve  failures  and  partial  combustion.  The  latter,  it 
must  be  admitted,  is  in  some  measure  due  to  quality  of 
lubricants. 

It  is  human  nature  and  habit,  bom  of  respect  for  past 
achievements  and  successes,  to  cling  to  standard  prac- 
tices. I  want  to  venture  the  opinion  that  the  present 
poppet-valve  engine  is  at  its  height.  In  so  saying,  I  con- 
fess that  the  substitute  is  not  forthcoming,  but  far  more 
seemingly  insurmountable  tasks  have  been  mastered  in 
the  past  nine  months. 

The  users  and  operators  are  the  men  who  finally 
locate  our  errors  and  direct  our  successes.  This  class 
of  men  demands  a  fuel  which  is  easily  obtainable  in  all 
markets,  is  of  constant  quality,  and  is  non-destructive  of 
parts  and  of  the  lubricant.  They  do  not  care  what  this 
fuel  may  be,  provided  they  can  get  from  it  reliable  power 
at  low  cost  and  small  upkeep. 

Of  many  users  of  tractors  only  8  per  cent  objected  to 
the  cost.  Of  this  number  some  were  purchasers  of  the 
lowest-priced  tractor  on  the  market,  and  one  had, been 
enjoying  free  service  covering  both  labor  and  parts. 
Price  objections  may  therefore  be  considered  lightly. 
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Field  Observations 

The  attitude  of  the  user  can  best  be  shown  by  an 
analysis  of  returns  from  400  users  of  tractors  in  the 
State  of  Minnesota.-  To  be  fair  to  the  manufacturers,  all 
machines  older  than  three  years  were  eliminated  as  being 
out  of  date. 

It  is  to  be  noted  that  no  distillates  were  used,  likewise 
no  motor  spirit.  Gasoline  and  kerosene  were  used  exclu- 
sively. Of  the  total,  less  than  12  per  cent  used  gasoline 
except  for  starting.  It  is  evident,  therefore,  that  the 
farmer  is  a  user  of  low-grade  fuel. 

The  average  time  lost  in  the  field  due  to  engine  troubles 
was  30  minutes,  with  a  range  from  15  minutes  to  3 
hours.  This  is  surely  not  an  unreasonable  time  for  minor 
field  troubles ;  from  this  much  satisfaction  may  be  derived 
by  designers  and  builders.  The  service  men  can  point 
to  such  a  showing  as  indicative  of  their  success  in  making 
passable  operators  of  new  owners  within  a  few  days. 

It  is  worthy  of  note  that  a  man  might  not  advise  his 
neighbors  to  follow  in  his  footsteps,  although  satisfied 
with  his  own  investment.  His  ego  crops  out;  he  con- 
siders himself  a  better  mechanic  than  his  neighbors. 
While  only  7  to  8  per  cent  doubt  or  deny  the  success  of 
their  purchases,  over  40  per  cent  would  not  advise  Mr. 
Average  Neighbor  to  make  the  same  investment. 

In  the  light  of  these  reports  it  is.  rather  difikult  to 
make  a  case  against  present  tractor  fuels.  It  is  to  be 
noted  also  that  the  success  or  failure  of  a  tractor  in  the 
hands  of  a  farmer  is  contingent  upon  the  size  of  his 
repair  bills.  The  average  age  of  these  three-year  trac- 
tors was  eighteen  months,  and  the  average  yearly  repair 
bill  was  $28.05.  This  should  be  encouraging  to  the  de- 
signers and  sales  organizations. 

There  is  food  for  thought  for  those  who  would  advo- 
cate electric  starters  for  tractors,  in  the  average  number 
of  days'  use  per  year — 50.8.  The  care  of  the  storage 
batteries  during  the  idle  periods  is  of  utmost  importance. 

Laboratory  Tests 

We  have  been  able  to  pursue  investigational  work  to 
a  very  limited  extent.  The  necessity  for  diluting 
trained  help,  and  the  demand  for  advice  and  instruction 
on  automotive  machines,  due  to  over-sea  conditions,  has 
curiailed  work  which  should  have  been  in  progress  or 
completed. 

With  a  four-cylinder  removable-head  L-type  engine 
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the  following  results  were  obtained,  with  three  kerosene 
devices: 

Fuel,  kerosene. 

Time,  1  hour. 

Water,  190  deg.  to  boiling. 
Series  No.  1 — Clapper  manifold. 

Engine  speed,  760  r.p.m. — full  load. 

Result,  oil  in  crankcase  increased  0.1  lb. 
Series  No.  2 — Holley  vaporizer. 

Engine  speed,  820  r.p.m.  (to  get  same  horsepower). 

Result,  oil  in  crankcase  increased  0.7  lb. 
Series  No.  3 — Duplex  manifold. 

Engine  speed,  820  r.p.m.  (same  horsepower). 

Result,  oil  in  crankcase  increased  0.3  lb. 

Engine  stopped  after  85  minutes,  due  to  preignition. 
The  chief  point  of  interest  to  be  drawn  from  these 
tests  is  that  the  "hot-spof '  manifold  gives  more  promise 
than  others.  This  finding  is  not  at  variance  with  what 
others  have  disclosed.  It  is  also  quite  in  accord  with  the 
present  trend  of  kerosene-burning  devices.  It  is  worthy 
of  further  study  and  development. 

•    Possible  Fuels 

Without  again  going  over  well-trodden  paths  by  which 
tractor  fuels  may  be  found  or  made  available  in  large 
quantities,  the  present  possibilities  are: 

1  Cracked  heavy  oils — too  high  cost, 

2  Casing-head  gas — limited  in  quantity. 
8  Afcohol-^too  high  cost. 

4  Alcohol  and  gasoline — ^which  may  be  mixed  under 
such  conditions  as  to  remain  homogeneous  for  some 
time — too  high  cost. 

5  Synthetic  gasoline — still  too  expensive. 

6  Set  or  fixed  gas.  This  would  seem  to  possess  the 
most  promise. 

To  offset  high  cost  of  fuel,  engine  design  and  economy 
may  come  to  the  rescue. 

Author's  Conclusion 

While  waiting  for  the  further  development  of  substi- 
tute fuels,  the  present  article  must  be  utilized.  This  re- 
quires: 

1  Better  spark-plugs. 

2  Manifold  development,  with  the  hot-spot  principle 
demanding  major  attention. 

3  Carbureter  development  with  means  provided  for 
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quickly  changing  to  a  lighter  fad  to  take  care  of  over- 
load and  throttling  conditions. 

4  Engine  design  v^rith  special  stress  upon  cooling  and 
elimination  of  moving  parts. 

THE   DISCUSSION 

W.  G.  Clark  (M.  S.  A.  E.) :— During  the  past  three 
months  I  have  been  with  a  school  conducted  by  a  large 
tractor  company.  We  have  covered  the  tractor  belt 
through  the  middle  and  southern  states,  from  Texas  to 
Montana.  The  reference  made  to  the  8  per  cent  of 
farmers  who  are  not  fully  satisfied,  but  who  are  a  part  of 
the  40  per  cent  who  would  not  advise  neighbors  to  buy  the 
same  tractor,  states  the  case  well.  I  believe  it  means  the 
farmer,  having  bought  a  tractor  which  he  is  not  quite 
sure  about,  does  not  want  to  publish  the  fact  that  he 
has  been  ''stung,''  but  is  kind  enough  not  to  allow  his 
neighbors  to  be  ''stung."  However,  the  situation  in  Min- 
nesota is  better  than  in  other  parts  of  the  country.  I 
have  come  in  personal  contact  with  some  fifteen  to  eight- 
een hundred  tractor  owners  and  operators  in  the  past 
three  months,  and  my  point  of  view  has  been  changed. 
The  situation  is  really  much  worse  than  we  imagine.  The 
tractor  and  accessory  manufacturers  are  to  blame. 

The  solution  of  the  present  fuel  problem  is  evidently 
in  the  use  of  low-grade  fuel,  but,  notwithstanding  that 
and  the  attempt  of  manufacturers  to  force  this  solution 
upon  the  public,  we  find  an  increasing  prejudice  against 
low-grade  fuel.  I  say  this  advisedly,  having  the  past 
three  months'  experience  in  mind. 

Our  methods  of  trying  out  fuels  have  involved  too 
much  laboratory  work,  I  fear,  because  certain  methods 
of  handling  fuels  in  field  operations  do  not  correspond 
with  the  methods  obtainable  with  a  new  and  clean  engine 
under  laboratory  conditions.  I  do  not  agree  with  Pro- 
fessor Mowry  that  the  solution  of  the  problem  lies  in  the 
hot-spot  manifold  principle.  We  receive  hundreds  of  let- 
ters every  day  from  engine  owners  and  operators  who 
have  so-called  kerosene  tractors  asking  if  we  can  guaran- 
tee our  tractor  to  bum  kerosene.  They  write,  "We  have 
a  kerosene  tractor  that  does  not  bum  kerosene." 

Two  men  who  had  a  tractor  that  was  sold  to  them  as  a 
kerosene  burner  came  to  me  last  week.  They  had  used 
it  a  year  and  a  half  and  had  bumed  nothing  but  gasoline, 
although  it  was  outfitted  with  a  kerosene  equipment. 
They  had  written  to  the  manufacturers  for  information 
regarding  the  handling  of  kerosene,  and,  much  to  my 
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surprise,  the  reply  was  that  they  should  stick  to  gaso- 
line. After  advertising  and  selling  their  tractors  to 
bum  kerosene  they  advised  the  owners  to  use  gasoline! 
What  is  the  explanation?  Evidently  after  selling  it  they 
found  that  it  would  not  do  as  expected.  If  we  will  do 
what  Mr.  Beecroft  suggested — sacrifice  our  prejudices-r- 
and cooperate  with  the  accessory  men  and  the  engine  men, 
we  can  improve  these  engines  so  that  they  will  work. 

Hot-Spot  Manifold 

A  great  many  complaints  have  followed  the  use  of  the 
system  of  burning  kerosene  with  the  hot-spot  manifold. 
That  is  why  I  disagree  with  Professor  Mowry.  Before 
this  past  experience  I  had  the  opinion  he  holds  now,  that 
there  were  great  possibilities  in  that  method  of  handling 
fuels,  but  my  faith  in  it  has  been  sadly  shaken  because 
nine-tenths  of  our  complaints  have  come  from  owners 
employing  that  system.  As  Professor  Mowry  has  said, 
we  have  been  too  satisfied  with  past  performances  of 
standard  products  and  too  loath  to  make  changes  in 
engine  designs  which  have  now  proved  to  be  absolutely 
necessary  to  handle  low-grade  fuels. 

Kerosene,  every  one  admits,  requires  some  distinct 
external  means  to  assist  its  vaporization,  and  the. only 
means  at  hand  at  present  is  the  use  of  heat.  Since  heat 
must  be  used,  it  is  obvious  that  the  conditions  of  cooling 
and  temperature  control  available  in  the  ordinary  gaso- 
line engine  will  not  do  for  the  kerosene  engine.  Those 
are  things  which  engineers  themselves  are  loath  to  sup- 
ply, resulting  in  the  dissatisfaction  now  prevalent  among 
tractor  owners. 

I  want  to  state  briefly  my  reasons  for  losing  faith  in 
the  hot-spot  manifold.  I  am  not  talking  from  a  selfish 
point  of  view,  because  we  are  using  carbureters  that 
handle  if uels  with  the  hot-spot  manifold  as  well  as  the 
others. 

The  present  forms  of  the  hot-spot  or  duplex  manifold 
are  very  imperfect  for  obvious  reasons.  Using  a  double 
or  duplex  manifold  means  that  the  entire  charge  of 
fliel  and  air  is  heated,  and  in  the  forms  of  existing 
manifolds  there  is  not  one  I  know  of  that  heats  the 
charge  uniformly.  Consequently  in  a  multiple-cylinder. 
engine  one  cylinder  does  not  get  a  charge  exactly  like  the 
others.  The  result  is  preignition,  which  is  hard  to  con- 
trol. 
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Extra  Weight  Objectionable 

Another  reason  is  that  it  is  impossible  to  maintain  the 
same  power  with  kerosene  as  with  gasoline.  No  farmer 
that  I  know  of  is  willing  to  carry  around  an  engine  that 
has  25  per  cent  extra  weight  simply  for  the  satisfaction 
of  burning  kerosene.  He  wants  to  obtain  the  most  work 
in  the  shortest  time  at  the  least  cost.  If  he  has  a  tractor 
that  pulls  three  plows  he  puts  on  another  to  see  if  it 
will  pull  that.  If  he  has  a  40 -hp.  engine  and  gets  only 
30  hp;  after  putting  on  a  hot-spot  manifold  he  will  have 
to  carry  around  the  Univalent  of  10  hp.  that  does  not 
render  service,  and  the  farmer  will  not  tolerate  that. 
Some  tractors  must  have  extra  weight  to  hold  them  on 
the  ground.  The  average  tractor  owner  is  becoming 
educated  and  knows  what  power  to  expect  from  an  engine 
of  a  given  size.  That  is  the  main  reason  why  that  system 
of  burning  kerosene  is  not  practical.  We  want  all  the 
drawbar  horsepower  possible  with  a  minimum  weight. 

Another  objection  to  the  hot-spot  manifold  arises 
from  the  unequal  distribution  of  the  heat,  the  results  of 
which  are  cracking  inside,  dilution  of  lubricant  in  the 
crankcase  and  deposits  in  the  manifold.  We  know  of 
many  thousands  of  tractors  which  are  being  run  on  dry 
gas,  and  they  do  not  have  crankcase  dilution,  but  they  are 
not  using  the  hot-spot  manifold.  Getting  so  much  addi- 
tion to  the  oil  through  dilution  is  an  indication  of  incom- 
plete combustion.  The  obvious  remedy  is  to  apply  some- 
thing that  will  give  complete  combustion.  According  to 
the  figures  given  by  Professor  Mowry,  duplex  manifolds 
do  not  result  in  complete  combustion,  and  I  think  that  is 
an  argument  against  them.  We  know  of  several  systems 
of  handling  kerosene  which  give  complete  combustion. 
We  hear  much  about  kerosene  and  gasoline  engine  lubri- 
cating oils.  With  perfect  combustion  I  do  not  believe  any 
change  in  oil  need  be  made.  We  have  to  use  heat  to 
vaporize  kerosene  and  when  we  use  heat  we  have  to  use 
more  fuel.  The  least  amount  of  heat  should  be  used  in 
the  most  economical  way  possible  to  get  perfect  combus- 
tion. The  solution  of  the  low-grade  fuel  problem  appears 
to  lie  in  the  proper  application  of  heat  without  the  sacri- 
fice of  flexibility  and  economy. 

The  distinction  has  not  been  drawn  fine  enough  be- 
tween merely  running  an  engine  on  kerosene  and  really 
burning  kerosene.  Too  many  manufacturers  have  been 
content  to  say  "it  will  run  on  kerosene,"  without  being 
able  to  guarantee  that  an  engine  will  bum  aU  the  kero- 
sene.   A  gasoline  engine  can  be  made  to  run  on  kerosene 
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if  one  does  not  care  how  much  it  bums.  It  is  the  sale 
of  such  tractors  that  has  created  prejudice  against  kero- 
sene as  fuel.  Kerosene  is  a  good  fuel  if  handled  prop- 
erly. As  I  have  said,  the  remedy  lies  in  the  accessory 
and  engine  men  getting  together. 

Prof.  Mowry  has  been  a  little  hard  on  the  spark-plug 
makers.  It  is  true  that  a  few  months  ago,  owing  to  the 
disturbances  caused  by  the  war,  several  lots  of  bad  spark- 
plugs got  out  on  the  market.  There  are,  however,  spark- 
plugs on  the  market  today  absolutely  satisfactory  for 
handling  kerosene.  I  have  seen  plugs  in  service  two 
years  and  a  half  which  have  never  been  cleaned  and  have 
never  required  cleaning.  I  think  a  large  part  of  spark- 
plug trouble  can  be  located  in  the  crankcase  owing  to 
improper  arrangement  or  care  of  lubrication.  Most  oils 
have  some  good  qualities,  but  the  best  oil,  if  not  kept 
clean,  is  no  better  than  poor  oil.  We  have  found,  in 
thousands  of  cases  of  engines  which  are  even  fairly 
well  lubricated,  that  if  the  oil  is  kept  clean  spark-plug 
troubles  will  be  eliminated,  provided  a  good  spark-plug 
i«  used  in  the  first  place.  Putting  too  much  stress  on 
the  spark-plug  question,  therefore,  is  not  quite  fair. 

.  Chairman  Greer: — ^Most  of  the  hot-spot  manifolds  in 
use  today  have  no  heat  control.    The  heat  to  the  manifold  * 
is  greatest  at  fuU  load  and  much  lighter  at  light  load. 
That  is  the  reverse  of  what  is  desired. 

A.  C.  Bennett  (M.  S.  A.  E.) :— One  thing  not  brought 
out,  perhaps,  by  Professor  Mowry  and  Mr.  Clark  is 
that  there  is  more  or  less  condensation  of  the  kerosene 
in  the  manifold  with  uneven  loads,  such  as  are  usual 
under  actual  working  conditions.  If  a  large  amount  of 
heat  is  not  used  with  the  hot-spot  manifold  when  operat- 
ing at  light  loads,  condensation  is  likely  to  result.  Pos- 
sibly some  improvements  can  be  made  in  the  hot-spot 
manifold  or  hot-jacket,  as  it  is  commonly  called,  which 
would  give  better  results. 

Lubrication 

Mr.  Crandall  : — My  experience  during  the  past  seven 
years  has  been  mostly  in  the  field  in  Montana,  Minne- 
sota and  Wisconsin,  partly  in  high  altitudes  and  on  the 
prairies.  I  differ  with  Mr.  Clark  on  one  or  two  de- 
tails. One  point  is  lubrication.  A  heavy-4)odied  oil 
niust  be  used  when  burning  kerosene.  If  the  tractor  has 
complete  combustion,  that  is,  if  the  kerosene  is  vaporized 
«o  that  there  is"  no  amoke  from  the  exhaust,  it  is  still 
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necessary  to  use  heavy-bodied  oil.  I  have  had  experience 
with  that  in  the  mountains  on  the  gumbp  tableland  where 
the  plowing  is  very  heavy.  I  have  tried  to  use  the 
ordinary  gasoline-engine  oil  and  have  found  that  it  can- 
not be  done  successfully  with  kerosene.  One  reason  is 
that  the  temperature  of  the  kerosene  engine  must  be 
higher  than  that  of  the  gasoline  engine,  and  when  the 
engine  is  running  at  full  load  the  cylinders  will  run 
dry;  I  have  opened  the  crankcase  on  a  gasoline  engine, 
put  my  hand  on  the  cylinder  and  found  it  almost  dry. 
Changing  to  kerosene  tractor  oil  gives  better  lubrication; 
that  is  a  recognized  fact,  and  oils  for  that  special  pur- 
pose are  put  out.  • 

Gasoline,  like  kerosene,  goes  by  the  piston.  I  think 
the  best  way  to  completely  vaporize  the  kerosene  in  order 
to  operate  the  kerosene  engine  successfully  is  to  heat 
the  manifold. 

Two-Cylinder  Engines 

My  experience  has  been  mostly  with  two-cylinder  en- 
gines, the  intake  and  exhaust  manifolds  being  cast  to- 
gether. By  night  time  the  exhaust  manifold  would  be- 
come very  hot,  the  intake  manifold  inside  of  that  would 
be  fairly  hot  and  the  vaporization  of  gas  would  be  com- 
plete. In  the  field  there  is  scarcely  any  smoke  after  a 
twelve-hour  stretch,  but  at  any  time  the  engine  could  be 
loaded  up  with  kerosene  so  as  to  emit  volumes  of  smoke. 
It  will  work  as  successfully  on  kerosene  as  on  gasoline, 
but  it  is  difficult  with  a  four-cylinder  engine  to  get 
the  intake  and  exhaust  manifold  cast  so  as  to  heat 
evenly.  I  think  the  thing  we  should  work  for  now  in 
the  four-cylinder  engine  is  to  heat  the  kerosene  evenly  up 
through  the  manifold.  To  do  that  it  is  necessary  to  have 
a  short  manifold. 

The  two-cylinder  opposed  engine  cannot,  of  course,  be 
operated  successfully  that  way.  It  is  almost  an  impossi- 
bility to  avoid  condensation  in  a  long  intake  pipe.  The 
idea  we  have  got  to  work  toward  is  to  bring  the  kerosene 
on  the  four-cylinder  tractor  immediately  to  the  point 
where  it  is  completely  vaporized  when  it  goes  into  the 
cylinders  and  not  allow  condensation  in  the  angles  of 
the  intake  pipe. 

I  have  done  expert  work  on  tractors  for  about  seven 
years  and  am  positive  that  the  tractor  can  be  brought 
up  to  the  point  where  it  will  bum  kerosene  as  suocemi- 
-  fully  as  gasoline.  >     ' 
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6.  C.  Andrews  (M.  S.  A.  E.) : — ^Loss  of  power  with 
kerosene  might  be  due  to  preheating;  in  changing  from 
liquid  to  vapor  form  some  of  the  explosive  force  might 
be  lost. 

Mr.  Crandall: — I  believe  Mr.  Andrews'  point  is  that 
in  vaporizing  gas  to  a  great  extent  before  it  enters  the 
cylinder  we  lose  considerable  power.  I  think  just  the 
opposite  is  the  result;  if  the  gas  is  completely  vaporized 
before  entering  the  cylinder  there  will  be  a  concentrated 
and  clean  explosion,  whereas  the  fuel  entering  in  too 
raw  a  state  has  the  same  effect  as  too  rich  a  mixture 
in  an  automobile.  If  an  engine  were  started  with  a 
mixture  too  rich  or  with  very  raw  gas,  the  explosion 
would  occur  all  right,  but  it  would  not  have  the  force, 
the  combustion  would  not  be  instantaneous.  Kerosene 
taken  into  the  cylinder  in  too  raw  a  state  is  partly  the 
cause  of  loss  of  power  instead  of  the  opposite  being  the 
case. 

Mr.  Couse: — Twenty-five  per  cent  more  power  with  10 
per  cent  less  fuel  consumption  has  actually  been  secured 
by  burning  kerosene. 

C.  S.  Whitney  (A.  S.  A.  E.) :— Prof.  Mowry  made  the 
statement  that  fifty  days  of  the  year  were  all  that  the' 
tractor  would  be  used.  In  replying  to  a  question  put 
to  me  as  to  whether  a  storage  battery  would  freeze,  I 
made  the  statement  that  if  the  owner  of  the  tractor  put 
it  away  for  the  winter  season  he  should,  of  course,  take 
the  battery  out  and  put  it  where  it  could  have  attention. 
When  I  made  that  statement  at  the  last  meeting.  Pro- 
fessor Chase  of  the  University  of  Nebraska,  protested 
vigorously,  contending  that  the  tractor  works  the  year 
around,  cutting  feed  and  doing  other  work.  'Tou  have 
got  to  produce  something  that  works  twelve  months  in 
the  year,"  he  said. 

Professor  Mowry: — ^The  figures  I  cited  are  Minnesota 
figures ;  they  are  not  general  over  this  part  of  the  coun- 
try«  The  range  is  from  21  to  about  180  days;  two  or 
three  owners  used  the  (ractors  as  much  as  130  days, 
running  well  into  the  winter. 
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SHOCK  ABSORBERS  FOR  EASY  RIDING 
By  Mark  H.  Landis* 

The  various  elements  that  affect  easy  riding  of  an 
automobile  were  discussed  during  the  past  winter  by  the 
Pennsylvania  Section  of  the  Society.  Springs,  tires  and 
cushions  were  treated  in  considerable  detail,  and  the  con- 
clusions reached  have  thrown  some  new  light  on  those 
subjects. 

The  conclusions  of  this  meeting  were,  that  in  order  to 
provide  the  ideal  spring  suspension  we  must  have  a 
spring  with  as  low  a  rate  as  possible,  that  is,  a  "soft* ' 
spring,  with  adequate  means  for  checking  its  recoil  move- 
ment without  interfering  with  its  compression  and  with- 
out tending  to  stiffen  the  spring.  Interleaf  spring  fric- 
tion was  considered  undesirable  owing  to  the  fact  that 
the  damping  effects  are  much  less  during  the  recoil  move- 
ment than  they  are  during  the  compression  movement 
of  a  spring.  With  the  friction  increased,  the  rate  of  a 
spring  naturally  must  be  increased,  reducing  its  shock- 
absorbing  powers. 

It  was,  further,  the  sense  of  that  meeting  that  a  spring 
must  compress  rapidly  to  absorb  road  shocks  as  encoun- 
tered and  it  was  deemed  necessary  to  control  the  spring 
recoil  by  means  of  some  auxiliary  aid  to  enable  the  spring 
to  function  properly  and  by  so  doing  secure  easy  riding. 

Spring  Sus^^sions 

Before  discussing  the  general  subject  of  shock  ab- 
sorbers as  applied  to  passenger  cars  and  ambulances,  let 
us  consider  some  of  the  factors  that  have  influenced  the 
design  of  spring  suspensions  as  used  today.  Further- 
more, we  shall  consider  the  various  conditions  essential  to 
any  spring  suspension  in  order  to  provide  a  proper  shock 
absorber  to  function  with  the  spring  itself. 

^General  managrer,  Landis  Engineering  and  Mfg.  Company 
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In  the  early  days  of  the  industry  the  primary  consid- 
eration was  the  development  of  a  successful  engine  to 
propel  the  "horseless  carriage/'  and  little  attention  was 
given  to  the  subject  of  spring  suspension.  Springs  as 
used  by  carriage  builders  were  considered  adequate. 

The  first  automobiles  had  limited  speed  and  were  of 
light  weight.  Their  springs  were  of  light,  flexible  con- 
struction which  fulfilled  the  requirements  very  satisfac- 
torily. As  the  art  developed  greater  speed  was  de- 
manded. This  necessitated  more  powerful  engines,  and 
consequently  heavier  weight  throughout  all  parts  of  cars. 

The  change  in  car  design  compelled  the  use  of  heavier 
and  stiffer  springs  which  in  turn  ^educed  the  comfort 
of  the  passengers.  The  first  step  toward  relief  was  the 
use  of  large  pneumatic  tires  to  replace  the  old  cushion 
tires  and  pneumatic  bicycle  tires.  This  change  provided 
a  flexible  connection  between  the  source  of  power  and  its 
point  of  application  and  effected  a  wonderful  improve* 
ment  in  riding  qualities. 

Still  greater  speed  created  a  demand  for  a  lower  center 
of  gravity,  with  another  change  in  spring  specifications. 
This  change  brought  out  various  types  of  suspensions; 
however,  many  objectionable  features  were  apparent  in 
them — ^some  springs  were  too  stiff,  while  others  were  too 
fiexible.  This  condition  brought  about  the  first  demand 
for  shock  absorbers;  that  is,  means  for  preventing  the 
rough  riding  so  common  to  the  early  types  of  cars. 

There  were  other  elements  which  likewise  contributed 
toward  riding  discomfort,  such  as  rear  axles  fixed  rigidly 
to  the  chassis  by  means  of  radius  rods,  which  held  the 
axle  and  spring  at  a  fixed  position,  all  spring  recoils 
acting  directly  upward.  With  a  rigid  rear  axle,  the  car 
was  always  started  forward  with  the  tire  constituting 
the  only  flexible  connection  between  the  source  of  powen 
and  its  point  of  application.  The  folly  of  this  design  is 
now  appreciated  and  practically  all  automobiles  now  drive 
through  the  springs.  The  springs  thus  have  more  free- 
dom of  action,  improving  riding  conditions  and  reducing 
tire  bills. 

Unsprung  Weight  Should  Be  Minimized 

The  desirability  of  reducing  the  unsprung  weight  to 
<the  minimum  has  likewise  become  a  recognized  fact.  The 
chassis  is  the  anvil  to  tak^  the  blows  as  given  by  the 
axles  or  unsprung  weight  through  the  spring.  The  axle 
or  unsprung  weight  is  the  hammer.     The  heavier  the 
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anvil  in  proportion  to  the  weight  of  the  hammer,  tiie 
smaller  will  be  the  shocks  to  the  car  and  its  occupants. 
The  unsprung  weight  has  been  greatly  reduced  by  the 
now  almost  universal  practice  of  making  the  transmis- 
sion a  part  of  the  powerplant,  the  use  of  wire  wheels, 
and  of  special  alloy  steels  in  axles. 

Attributes  of  Ideal  Leaf  Spring 

If  we  were  to  discuss  the  merits  of  the  different  spring 
types,  namely,  full  eUiptic,  half  elliptic,  platform,  canti- 
lever, etc.,  we  would  ultimately  come  to  the  conclusion 
that,  whatever  type  of  spring  we  thought  the  best,  that 
type  must  conform  jx>  the  specifications  of  the  ideal  leaf 
spring:  one  having  such  resilient  qualities  that  it  re- 
sponds to  and  absorbs  the  slightest  shocks  and  at  the 
same  time  is  of  such  strength  and  range  of  movement 
that  it  absorbs  maximum  shocks. 

A  car  in  motion  tends  to  continue  in  a  straight  line 
unless  acted  upon  by  an  impressed  force,  caused  by  the 
wheels  meeting  a  hole,  rut  or  bump  in  the  road.  *  This 
impressed  force  is  absorbed  by  compressing  the  spring 
against  the  force  produced  by  the  car  traveling  in  a 
straight  line,  the  latter  force  being  proportional  to  the 
speed  of  the  car  and  its  weight  and  load.  As  the  im- 
pressed force  is  determined  by  the  unsprung  weight,  the 
smaller  the  unsprung  weight  the  less  will  be  the  force 
tending  to  compress  the  springs,  or  the  smaller  the  shock. 
It  ip  self-evident  that  with  a  low  unsprung  weight  a  low 
rate  is  possible  for  the  spring,  that  is,  a  ''softer"  spring 
may  be  employed. 

Action  and  Reaction 

For  every  action  there  is  an  equal  and  contrary  reac- 
tion. The  action  in  this  case  is  the  result  of  the  shock 
received  by  the  wheel.  While  the  shock  is  being  absorbed 
by  the  spring  against  the  car  as  a  fulcrum,  the  car  will 
move  upward  without  an  unpleasant  shock  to  the  occu- 
pants. Now,  if  the  spring  which  has  absorbed  the  shock 
be  unrestrained  as  regards  the  force  of  the  reaction,  the 
reaction  will  cause  the  spring  to  recoil  violently  with  a 
force  equal  to  that  of  the  action  or  shock  less  that  part 
of  the  reaction  lost  in  friction  between  the  spring  leaves 
during  recoil.  This  friction  is  less  during  recoil  than  it 
is  during  compression;  hence  the  damping  effect  se- 
cured by  interleaf  friction  during  recoil  is  at  the  expense 
of  flexibility  in  the  spring  during  compression.  The  ful- 
crum for  the  recoil  of  the  spring  is  the  road,  so  it  is 
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evident  that  with  the  car  already  moving  in  an  upward 
direction  in  harmony  with  the  recoil,  sufficient  momen- 
tum in  an  upward  direction  is  always  imparted  to  pitch 
the  car  beyond  the  normal  height  of  body  or  chassis  as 
determined  by  the  static  deflection  of  the  spring.    The 


Fxo.  1 — ^Hblical  Spring  Shock  Absorber 
J.  1£,  Model  Z.  Twin  Tube  Type 


result  is  an  oscillation  of  the  spring  which  pitches  pas- 
sengers about  and  lifts  axles  and  wheels  from  the  road. 
The  lifting  of  the  wheels  reduces  the  adhesion  between 
tires  and  road.  Sometimes  this  adhesion  is  entirely  de- 
stroyed aDowing  the  rear  or  driving  wheels  to  increase  in 
speed  beyond  that  corresponding  to  the  forward  motion 
of  the  car.  When  the  tire  again  grips  the  road  it  abrades 
or  rips  the  rubber  from  the  tread,  greatly  reducing  mile- 
age and  life  of  tires. 

The  multileaf  spring  has  been  offered  as  the  solution 
of  the  spring  suspension  problem,  interleaf  spring  fric- 
tion being  supposed  to  produce  a  slow-moving  spring  that 
will  absorb  shocks  to  such  an  extent  that  the  reaction 
will  be  reduced  to  the  minimum.  If  sufficient  compres- 
sion friction  is  introduced  the  spring  approaches  the  con- 
dition of  a  rigid  connection  between  the  chassis  and  axle, 
in  which  case  the  ability  of  the  springs  to  act  as  sensitive 
shock  absorbers  is  destroyed  and  reliance  must  be  placed 
on  the  tires  to  do  the  work  of  the  springs. 
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Tires  Shock  Absorbers  for  Unsprung  Weight 

The  only  function  of  tires  should  be  to  provide  an  elas- 
tic connection  between  the  source  of  power  and  the  point 
of  application  and  to  act  as  shock  absorbers  for  the  un- 
sprung weight  of  the  car;  that  is,  to  reduce  the  pounding 
action  between  the  road  and  axles  or  unsprung  weight. 
This  fact  is  being  recognized  today  by  engineers  in  the 
adoption  of  8,  10  and  12-in.  pneumatic  tires  for  trucks. 
The  extra  tire  cost  is  more  than  saved  by  the  reduction 
in  repair  bills. 


Fio.  2 — ^Helical  Spring  Shock  Absorber  with  Rbcoil  Sprino 
U.  S.  B.  Type  Combined  with  Bumper 

At  times  there  is  a  tendency  for  a  car  to  leap  while 
running  over  fairly  smooth  roads.  This  leaping  is  caused 
by  the  spring  being  too  resilient  during  its  recoil  move- 
ments. AU  leaf  springs  such  as  are  universally  used 
have  considerable  interleaf  friction.  Physical  tests  show 
that  there  is  more  friction  during  compression  than  dur- 
ing recoil;  the  hysteresis  effect  reduces  the  flexibility 
and  consequently  the  quality  of  the  spring  during  com- 
pression^  to  a  much  greater  extent  than  it  reduces  the 
spring  resiliency  during  expansion  or  recoil.  The  spring 
without  the  interleaf  friction  should  be  of  sufficient 
strength  to  carry  the  static  load. 

Th^  pegativ^  force  pr  friction  a^ts  M  an  additioni^ 
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impressed  force  to  be  absorbed,  that  is,  the  shock  plus 
friction  represents  the  force  that  tends  to  throw  the  car 


Fio.    3 — ^Wbstinghousb   Air   Spring   Shock   Absorber 


out  of  its  straight  line  while  the  shock  is  being  absorbed. 
When  the  spring  expands,  the  interleaf  friction  is  much 
less,  and  the  expansion  or  recoil  is  also  much  more  free 
than  it  would  be  if  the  spring  friction  were  balanced. 
So  it  is  seen  that  the  combined  action  of  the  compression 
fmd  expansion  of  the  spring,  with  9,  much  greater  inters 
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leaf  friction  or  resistance  to  its  action  during  compres- 
sion than  during  expansion  or  recoil,  starts  the  car  leap- 
ing, as  both  actions  of  the  spring  tend  to  pitch  the  car 
upward. 

HcUf'EUiptic  Front  Springs  Predominate 

The  front  springs  of  95  per  cent  of  the  automobiles 
are  of  the  half-elliptic  type  with  a  comparatively  small 
range  of  movement  and  correspondingly  high  rate.  The 
front  springs  are  made  this  way  owing  to  the  fact  that 
they  are  the  first  to  meet  the  shock.  The  ideal  spring 
for  the  front  Qf  a  car  should  have  such  range  and  flexi- 
bility that  it  wiU  absorb  the  entire  shock  given  to  the 
spring,  with  range  of  movement  sufficiently  great  to 
allow  the  car  to  travel  in  a  straight  line.  If  the  front 
springs  are  of  short  range  of  movement,  the  rate  of  spring 
will  naturally  be  high  and  the  springs  wiD  lack  the 
capacity  to  absorb  the  little  jolts  and  jars  of  the  average 
road.  If  a  car  with  short-range  front  springs,  traveling 
at  a  high  rate  of  speed,  strikes  an  obstruction  in  the 
road,  the  spring  may  be  completely  collapsed  during  the 
compression,  forcing  the  car  out  of  its  course  in  an 
upward  leap.  If  the '  shock-absorbing  capacity  of.  the 
springs  is  taken  up,  the  tires  must  naturally  be  called 
upon  to  complete  the  absorption  of  the  shock.  If  the  rear 
springs  were  designed  like  the  average  front  springs  of 
an  automobile,  there  would  not  be  enough  tire  manu- 
facturers to  provide  the  trade  with  tires.  ^ 

Causes  of  Skidding 

The  front  wheels  of  any  automobile  should  be  in  con- 
tact with  the  road  at  all  times,  for  the  instant  the  wheels 
leave  the  road,,  the  driver  is  at  the  mercy  of  the  rear 
wheels.  The  adhesion  of  the  front  wheels  to  the  road  is 
to  an  automobile  what  the  wheel  flanges  are  to  a  locomo- 
tive running  on  a  steel  rail.  When  the  front  wheel  loses 
its  grip  on  the  road  the  fulcrum  by  which  the  car  is 
steered  is  destroyed. 

Such  freaks  of  an  automobile  as  "skidding*'  and  ^turn- 
ing turtle''  are  directly  attributable  to  the  loss  of 
the  adhesion  between  the  wheels  and  road,  one  of  the 
driving  wheels  losing  its  grip  on  the  road  owing  to  ex- 
cessive spring  recoil  or  a  slippery  spot  in  the  road.  With 
the  engine  pulling  and  only  one  wheel  gripping  the  road, 
the  speed  of  the  wheel  that  has  lost  its  grip  is  suddenly 
increased.  Assuming  that  the  wheel  with  increased  speed 
suddenly  takes  hold,  and  the  other  wheel  starts  to  slide. 
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the  high-speed  wheel  will  suddenly  sway  the  car  to  the 
opposite  side.  If  at  this  particular  instant  the  front 
wheels  have  not  sufficient  grip  on  the  road  to  overcome 
the  sway,  the  momentum  of  the  rear  end  of  the  car  will 
cause  it  to  whirl  around.  If  the  rear  wheel  meets  an 
obstruction  sufficiently  large  to  suddenly  stop  this  skid- 
ding, the  car  will  'turn  turtle." 

SUMMABY  OF  SPBING  DesIGN 


FiQ.  4 — ^Harttord  Sliding  Friction  Shock  Absorbrr 


The  design  of  a  spring  suspension  involves  the  follow- 
ing factors: 

1  Flexibility  of  spring  mounting. 

2  Light  weight  of  car. 

3  Low  percentage  of  unsprung  weight. 

4  Low  spring  rates. 

5  Large  range  of  spring  movement. 

6  Elimination  of  interleaf  spring  friction. 

7  Increase  of  front  spring  range. 

8  Adequate  means  for  control  of  spring  recoils. 

We  fully  believe  that  if  a  concerted  effort  along  these 
general  lines  is  made  by  the  engineers  of  the  automobile 
industry,  a  spring  suspension  far  superior  to  anything 
produced  up  to  this  time  can  be  developed. 

PersonaUy,  I  do  not  consider  an  auxiliary  aid  that  con- 
trols spring  recoil  a  "shock  absorber."  The  spring  itself 
must  be  the  shock  absorber.  However,  since  auxiliary 
springs  and  other  supplementary  devices  have  become 
known  as  shock  absorbers,  we  wiU  use  this  term  in  de- 
scribing all  such  devices. 
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Shock  Absorber  Classification 

Shock  absorbers  can  be  classified  under  the  following 
headings : 

1  Auxiliary  spring. 

(A)  Helical. 

(B)  Air. 

2  Compression  and  recoil-damping. 

(A)  Sliding  friction. 

(B)  Flat  spring. 

•  (C)  Hydraulic  friction. 

3  Recoil-damping. 

(a)  Recoil  strap. 

(B)  Sliding  friction. 

(C)  Hydraulic-pneumatic  friction. 

(D)  Hydraulic  friction. 

When  we  first  found  that  automobiles  need  some 
auxiliary  means  to  provide  greater  comfort  in  travel  we 
sought  relief  from  stiff  springs  in  the  use  of  auxiliary 
spring  shock  absorbers.  The  auxiliary  spring  shock  ab- 
sorber "ironed  out"  the  little  irregularities  in  the  roads 
and  greatly  improved  riding  conditions,  especially  at  mod- 
erate speeds. 

However,  at  higher  speeds  springs  "hit  bottom,"  pro- 
ducing a  pounding  of  the  chassis  on  the  axle  accompanied 
by  violent  recoils.    To  eliminate  this  we  resorted  to  the 


Ftg. 


5 — Adjubtino  the  Sliding  Pbiction  Type  por  Constant 
Fbiction 


two-way  or  compression  and  recoil-damping  type  of  shock, 
absorber. 

It  next  became  apparent  that  we  might  control  violent 
spring  actions  by  checking  only  the  recoil  movenient  of 
the  spring.  This  brought  into  use  the  recoil-damping 
type  of  shock  absorber. 
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AnxiUABY  Spring  Shook  Absorbers 
Helical  Spring  Types 

The  use  of  the  helical  spring  as  a  shock  absorber  makes 
it  possible  to  correct  the  faults  of  hard  or  stiff  springs 
found  on  many  automobiles  today. 

It  is  a  well-known  fact  that  many  automobiles  with 
light  loads  do  not  ride  smoothly  when  running  at  low 
speeds  over  moderately  good  roads.  This  is  due  to  the 
fact  that  their  springs  have  not  sufficient  range  of  move- 
ment and  that  they  are  not  sensitive  enough  to  absorb 
all  the  little  jolts.  The  springs  are  made  stiff  enough 
to  provide  for  the  maximum  loading  but  the  range  of 
movement  provided  in  the  design  makes  it  impossible  to 
use  a  lower  rate  spring. 

With  a  helical  spring  shock  absorber,  Fig.  1,  inter- 
posed between  the  two  halves  of  the  spring  or  between 
the  ends  of  the  spring  and  the  frame,  the  effective  work- 
ing range  of  the  main  and  auxiliary  springs,  as  a  unit,  is 
greatly  increased,  making  it  possible  to  have  ideal  shock- 
absorbing  qualities  in  the  spring  itself. 

However,  unless  means  are  provided  to  control  the  re- 
coils of  this  extremely  sensitive  spring,  easy  riding  con- 
ditions will   not   be   provided.     Some  ^auxiliary   spring 


Fifii.    6 — Connecticut   Flat   Spring    Shock    Absorbbr 

shock  absorbers  provide  a  recoil  spring  as  a  part  of  the 
mechanism  to  arrest  the  recoils.  (See  Fig.  2)  This 
recoil  spring,  to  be  really  effective,  must  be  so  strong  that 
it  will  kill  the  softening  effect  of  the  loading  spring.  The 
auxiliary  spring  has  no  influence  on  the  recoil  effects  of 
the  main  spring  itself  other  than  to  make  a  compound 
spring  of  the  two,  as  each  spring  has  a  different  period. 
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At  times  the  difference  in  period  would  throw  the  auxil- 
iary and  main  springrs  out  of  phase  and  at  other  times, 
dependent  upon  the  speed  and  nature  of  road  traveled, 
the  phases  would  coincide,  tending  to  increase  the  effect 
of  recoil. 

Air  Spring  Type 

The  use  of  the  air-spring  shock  absorber,  Fig.  3,  cor- 
rects the  faults  of  a  hard  or  stiff  spring  in  the  same 
manner  as  does  the  helical  spring  type.  The  shock-ab- 
sorbing qualities  of  the  spring  itself  are  ideal,  as  the 
air  spring  is  interposed  between  the  frame  and  the  end 
of  the  main  spring.  It  likewise  increases  the  effective 
spring  range  of  about  six  inches,  giving  very  soft, 
flexible  action. 

The  recoil  of  the  air  spring  is  taken  care  of  in  the 
shock-absorber  design.  However,  means  are  not  pro- 
vided for  controlling  the  recoil  of  the  leaf  spring.  The 
criticism  of  the  helical  spring  likewise  applies  to  the  air 
spring.  The  air  spring  and  the  leaf  spring  make  a  com- 
pound spring,  each  having  a  different  period ;  the  differ- 
ence in  period  throws  the  two  springs  out  of  phase  at 
times  and  in  phase  at  other  times.  When  the  two 
springs  are  in^hase,  the  recoil  effect  is  pronounced; 
however,  the  intervals  between  ssmchronized  phases  are 
much  longer  than  would  be  the  case  with  the  average 
single  unit  ideal  leaf  springy  in  other  words,  this  device 
produces  a  soft,  flexible  spring  unit  with  a  long  period. 
The  effect  of  the  recoils  may  become  cumulative,  and  at 
continued  high  speeds  the  spring  movement  becomes  con- 
siderable, so  that,  unless  controUed  the  recoil  of  this 
compound  spring  of  long  period  will  be  dangerous. 

COBfPRESSION  AND  ReCOIL  DaMPINO  ShOCK  AbSOBBEBS 

Sliding  Friction  Type 

The  sliding  friction  type  of  compression  and  recoil- 
damping  shock  absorber  was  first  brought  into  public 
use  when  a  remedy  was  sought  to  prevent  violent  spring 
vibrations,  which  cause  great  discomfort  in  riding. 

The  effect  of  "free"  and  "forced''  vibrations  causes 
excessive  spring  action,  making  a  free  soft  spring  ^'hit 
bottom"  and  then  recoil  violently.  By  **free  vibration" 
we  mean  that  vibration  which  occurs  in  a  spring  when  it 
is  allowed  to  expand  suddenly  after  compression.  By 
"forced  vibration"  we  mean  that  vibration  caused  by  an 
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impressed  force  compressing  the  spring.  If  the  free  and 
forced  vibrations  are  controlled,  the  objectionable  fea- 
tures of  recoil  are  naturally  taken'  care  of. 

The  sliding  friction  shock  absorber  was  designed  to 
prevent  this  excessive  spring  action.  If  the  spring  is  not 
allowed  to  "hit  bottom"  the  recoil  of  the  spring  cannot 
become  excessive;  furthermore,  when  recoil  does  start, 
the  sliding  friction  arrests  it. 


Fig.  7 — Renault  Hydraulic  Shock  Absorber 

Racing  Car  Shock  Abaorbera 

This  type  of  shock  absorber  has  been  used  very  largely 
in  the  automobile  racing  cars,  but  not  with  the  idea  of 
securing  easy  riding.  The  purpose  is  to  prevent  violent 
spring  action  which,  if  not  properly  controlled,  make 
high  speeds  impossible. 

For  the  racing  car,  the  pneumatic  tire  is  the  only 
spring  or  shock-absorbing  medium  used  between  the  car 
and  the  road.  If  we  designed  springs  to  absorb  all  the 
road  shocks  and  then  prevented  the  recoils  we  would  be 
able  to  secure  much  more  mileage  on  tires  of  all  racing 
cars.  We  would  likewise  secure  better  traction  and 
higher  speeds.  As  evidence  of  the  fact  that  racing  cars 
are  so  designed  that  they  have  no  springs  or  shock-ab- 
sorbing medium  other  than  the  tires,  on  one  racing  car 
that  during  1917  had  an  exceptionally  successful  season, 
5-in.  tires  were  used  on  a  1600-lb  car.  If  that  same  car 
had  been  equipped  with  3y2-in.  tires,  the  size  recom- 
mended for  a  car  of  this  weight,  how  long  would  a  set 
have  lasted  in  a  race?  In  order  to  keep  this  car  going  it 
was  necessary  to  use  tires  such  as  would  be  recommended 
for  a  6000-lb.  car. 

The  main  fault  of  the  sliding  friction  shock  absorber  is 
that  it  interferes  with  spring  compression;  in  other 
words;  it  produces  a  stiifer  spring,  which  is  undesirable. 
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Furthermore,  the  initial  friction,  as  adjusted  for  each 
shock  absorber,  is  a  constant  at  all  times,  regardless  of 
the  speed  of  spring  movements;  the  resistance  is  not  in 
proportion  to  the  speed  of  spring  recoils,  vtrhich  is  a 
requisite  for  every  shock  absorber  or  spring  recoil  con- 
trolling device. 

Fig.  5  shows  the  method  used  for  adjusting  the  fric- 
tion of  the  shock  absorber.  This  friction  is  not  a  func- 
tion of  the  motion  of  the  spring  during  recoil.  This 
initial  friction  remains  constant  whether  the  recoil  is 
mild  or  violent. 

Flat  Spring  Type 

The  flat  spring  form  of  shock  absorber.  Fig.  6,  was 
developed  to  perform  the  same  functions  as  the  sliding 
friction  type. 

Three  flat  springs,  set  120  deg.  apart  in  a  casing,  are 
made  a  part  of  one  arm  of  the  shock  absorber  and  are 
acted  upon  and  compressed  by  a  triangular  cam  which 
rotates  on  bearings  which  are  a  part  of  the  casing.  The 
cam  is  rigidly  connected  to  the  other  arm  of  the  shock 
absorber. 


Fia.  S — Mesinoer  Recoil  Strap  Shock  Absorber 

This  shock  absorber  likewise  interferes  with  compres- 
sion, tending  to  produce  a  stiffer  spring.  However,  it 
does  not  have  any  influence  on  the  spring  until  the  spring 
movements  become  excessive.  As  the  shock  absorber  has 
a  neutral  point,  the  effect  of  working  is  dependent  upon 
the  loading  of  the  car  to  which  it  is  attached. 

HydravXic  Friction  Type 

The  two-way  hydraulic  shock  absorber.  Fig.  7,  is  of 
the  compression  and  recpij-damping  type.    It  prevents 
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violent  spring  actions  by  introducing  hydraulic  resistance 
which  is  in  proportion  to  the  speed  of  spring  movements. 
It  prevents  excessive  action  at  the  expense  of  stiffen- 
ing the  spring  on  the  compression  stroke,  thereby  in- 
creasing the  impressed  force  transmitted  to  the  chassis. 
Another  serious  objection  to  this  type  is  the  difficulty  of 
retaining  the  oil  in  the  interior  of  the  casing.  The  de- 
vice, to  be  effective  at  all  times,  depends  upon  the  casing 
being  filled  completely  with  oil ;  otherwise  the  absence  of 
resistance  at  the  start  of  spring  movements  results  in  a 
slapping  action.  This  device,  when  working  properly, 
produces  the  effects  of  a  slow-moving  stiff  spring. 

Recoil  Strap  Type 

The  recoil  strap  type,  Fig.  8,  is  a  very  simple  shock 
absorber,  designed  to  prevent  excessive  recoils.  It  does 
not  interfere  in  any  way  with  the  compression  of  the 
spring,  merely  reducing  the  extent  of  spring  recoils. 

It  has  the  great  disadvantage,  however,  of  tending  to 
lift  the  axle  from  the  road  while  arresting  spring  recoils. 
It  may  increase  riding  comfort,  but  it  certainly  cannot 
fail  to  increase  tire  wear  and  make  the  danger  due  to 
skidding  excessive. 

Sliding  Friction  Type 

The  recoil-damping  shock  absorber  of  the  sliding  fric- 
tion type.  Fig.  9,  was  designed  to  snub  the  recoil  actions 
of  a  spring.  Violent  spring  recoils  are  checked  when  the 
spring  attempts  to  recoil  above  the  position  determined 
by  the  static  loading  of  the  car. 

This  device  depends  on  having  the  strap  between  the 
chassis  and  axle  kept  under  tension  at  all  times.  The 
coil  spring  acting  on  the  blocks  inside  of  the  coiled  strap 
keeps  the  strap  under  tension.  When  the  main  spring  is 
compressed,  the  spring  coils  acting  on  these  blocks  fol- 
low after  and  bear  against  the  inside  of  the  strap  coil. 
When  recoil  starts,  the  snubbing  action  tends  to  arrest 
the  recoil. 

This  shock  absorber  tends  to  interfere  with  spring 
compression,  owing  to  the  fact  that  the  springs  are  har- 
nessed down  to  provide  initial  tension  on  the  strap.  This  * 
has  the  effect  of  making  the  spring  stiffer.  The  greatest 
objection  to  this  type  of  absorber  is  that  the  resistance 
to  recoil  is  greatest  when  the  spring  has  the  least  reac- 
tive resistance.  In  other  words,  the  recoil  is  arrested, 
in  fact  completed,  before  the  spring  reaches  its  normal 
position,  as  determined  by  the  static  loading,  always  leav- 
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ing  the  spring  rigid  at  the  start  of  the  next  compression 
movement.  Furthermore,  this  device  is  not  self-adjust- 
ing, as  the  snubbing  action  depends  upon  the  loading  of 
the  car,  owing  to  the  variation  in  pressure  of  the  coil 
springs  on  the  blocks  inside  the  coils.  This  variation  in 
pressure  varies  the  tension  on  the  strap. 

Hydraulic-Pneumatic  Friction  Type 

A  shock  absorber  of  the  hydraulic-pneumatic  friction 
tjrpe  is  shown  in  Fig.  10.  When  the  spring  is  com- 
pressed, the  valve  in  the  piston  opens,  allowing  oil  to  flow 


Fi«.   9 — Gabrol  SmTBBBt,  or  Slioino  Friction  Ttpb 

through  the  piston.  When  the  spring  recoils,  the  valve  in 
the  piston  closes  and  the  recoil  is  met  by  a  hydraulic- 
pneumatic  resistance.  The  air  in  the  space  above  the  oil 
level  is  compressed  until  the  pressure  corresponds  to  the 
resi3tance  offered  by  the  oil  in  passing  through  the  by- 
pass holes  in  the  piston.  After  the  air  has  been  fuUy 
compressed,  the  hydraulic  resistance  starts,  producing  a 
gentle  recoil  of  the  spring  to  the  height,  as  determined  by 
the  static  load,  the  resistance  to  recoil  being  in  direct 
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proportion  to  the  speed  of  spring  recoils.  If  the  extent 
of  spring  action  is  slight,  the  resistance  to  recoil  is 
slight,  as  the  speed  of  recoil  is  a  function  of  resistance; 
likewise  with  violent  spring  recoils  the  speed  of  travel 
is  high,  with  the  resistance  directly  proportional  to  the 
speed.  Every  spring  has  a  fixed  period  if  allowed  to 
oscillate  freely;  however,  the  speed  of  recoil  is  directly 
proportional  to  the  amplitude  of  the  spring,  if  the  period 
is  a  constant. 

This  shock  absorber  has  the  disadvantage  of  using  a 
pneumatic  resistance  to  start  the  recoil  stroke.  As  air 
is  a  compressible  medium,  there  will  naturally  be  an 
increase  in  speed  of  spring  recoil  at  the  instant  recoil 
starts.  However,  after  the  air  has  been  compressed  to  a 
certain  pressure,  dependent  upon  the  size  of  by-pass  in 
the  piston,  the  resistance  to  recoil  is  directly  propor- 
tional to  the  speed  of  the  spring  recoil,  as  the  oil  is  an 
incompressible  medium. 

We  believe  that  the  mechanical  construction  of  this 
device  makes  it  advisable  to  provide  a  pneumatic  air 
cushion,  in  order  to  prevent  a  slap  or  sudden  jolt  at  the 
start  of  the  spring  recoil. 

In  a  shock  absorber  of  this  construction,  it  is  prac- 
tically impossible  to  provide  an  active  hydraulic  resist- 
ance at  the  instant  recoil  starts.  There  is  bound  to  be 
a  cavity  above  the  piston  which  will  permit  of  a  sudden 
acceleration  of  the*  spring  at  the  instant  recoil  starts. 
It  would  be  impracticable  to  have  the  entire  space  on  the 
inside  of  the  cylinder  filled  with  oil,  as  there  would  be  no 
room  for  expansion  of  the  oil.  The  work  done  in  check- 
ing or  controlling  recoil  generates  heat,  and  it  would 
be  imppssible  to  hold  this  oil  by  any  packed  joint  or 
stuflSng-box,  when  the  oil,  an  incompressible  medium,  ex- 
pands, unless  an  air  space  were  provided. 

We  are  likewise  inclined  to  question  the  advisability 
of  the  pistol  rod  passing  through  the  casing.  The  stuf- 
fing-box requires  regular  attention  to  keep  it  in  proper 
condition.  It  also  becomes  necessary  to  provide  special 
protection  for  the  rod  itself  to  prevent  dust  and  grit 
from  lapping  the  rod  and  gland.  It  is  also  necessary  to 
have  a  tight  fit  between  rod  and  packing  in  the  stufUng- 
box  to  prevent  oil  wastage  and  to  retain  maximum  pres- 
sures. This  produces  friction  negative  to  spring  com- 
pression which  has  the  effect  of  stiffening  the  spring  for 
short  and  sensitive  vibrations  during  spring  compres- 
sion. There  is  likewise  a  marked  tendency  for  the  oil 
and  air  to  become  thoroughly  mixed,  producing  a  spongy 
resisting  medium. 
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Hydratdic  Friction  Types 

The  Houdaille  shock  absorber,  Fig.  11,  is  a  hydraulic 
device  for  controlling  spring  recoils.  It  introduces  no 
resistance  to  compression  other  than  the  resistance  of  the 
paddle  journal  in  the  stuffing-box.  The  recoils  of  the 
spring  are  controlled  by  the  hydraulic  resistance  of  oil 
passing  through  by-passes  in  reciprocating  paddles  or 
rotary  pistons.  The  resistance  is  always  in  proportion 
to  the  speed  of  spring  recoil.  An  auxiliary  oil  chamber 
is  provided  outside  of  the  casing  proper  to  replenish  any 


1 


Fio.   10 — Flbntjb  Hydraulic-Pneumatic  Shock  Absorbbr 

oil  waste  around  the  journal  or  stuffing-box.  It  is  highly 
essential  to  have  the  casing  proper  filled  with  oil  at  all 
times,  otherwise  there  would  be  a  cavity  in  the  casing, 
which  would  produce  a  "slap"  at  the  start  of  recoils. 
With  the  slightest  loss  of  oil  around  the  journal^  the 
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l>addle  produces  a  suction  on  the  oH  reservoir,  replenish- 
ing the  leakage. 

The  chief  objection  to  this  construction  is  that  no 
space  is  allowed  in  the  casing  for  expansion  of  the  oil. 


FlO.   11 ^HOUDAILLB  HTDRAUUC  FRICTION  SHOCK  ABSORBER 

The  heat  generated  in  the  oil  by  the  work  of  controlling 
ttie  spring  recoils  will  cause  the  oil  to  expand,  forc- 
ing it  out  around  the  stuffing-box.  There  is  also  the  ob- 
jectionable feature  of  the  inertia  of  the  resisting  oil  to 
be  considered.  The  sudden  change  of  direction  of  the 
flow  of  oil  in  violent  and  rapid  spring  action  makes  it 
impossible  for  the  oil  to  follow  after  the  pistons  or  pad- 
dles without  agitation  or  frothing.  This  agitation  pro- 
duces more  resistance  to  compression  than  it  should  and 
likewise  has  a  tendency  to  saturate  the  oil  with  fine  bub- 
bles of  air.  The  mixing  of  air  with  oil  tends  to  make 
the  resisting  medium  spongy  instead  of  incompressible* 
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Evolution  of  the  Hydratdie  Recoil  Cheek 

About  seven  years  ago  we  attempted  to  design  a  shock 
absorber  to  control  spring  recoils.  One  design  succeeded 
another  with  many  changes  and  modifications.  However, 
we  confined  our  efforts  exclusively  to  the  development  of 
a  hydraulic  recoil  check. 


Fio.  12 — Interior  Construction  of  ths  Houdailub  Shock  Absorbbr 

The  first  commercial  Landis  model  is  shovni  in  Fig.  18, 
a  sectional  view  representing  the  action  during  spring 
recoil.  The  rotating  arms  which  are  attached  to  lever 
N  and  the  support  arms  attached  at  W  and  V  are  omitted 
from  this  view. 

Fig.  18  shows  the  absorber  at  the  start  of  spring  ex- 
pansion; the  oil  below  the  piston  /  in  steel  cylinder  H 
is  put  under  pressure  when  the  spring  expansion  starts, 
forcing  the  oil  through  the  orifice  T,  which  is  constant  in 
size.  By  means  of  the  air  in  chamber  L  in  piston  rod  D  a 
pneumatic  cushion  is  provided  for  changing  the  direction 
of  action  of  the  spring.  The  air  is  compressed  to  the  point 
of  resistance  of  the  orifice  T,  after  which  compression  the 
resistance  is  in  proportion  to  the  speed  of  the  spring  re- 
coil. 

Fig.  14  shows  the  condition  at  the  start  of  spring  com- 
pression; the  link  C  carries  the  piston  rod  upward,  first 
opening  the  ball  valve  P  and  next  carrying  the  pis- 
ton /  up  through  the  steel  cylinder  H.  This  action 
produces  a  partial  vacuum  under  the  piston  /,  which 
causes  the  steel  cylinder  H  to  move  upward  to  the  point 
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FlO.    IS — ^FlBBT  COMMEECIAL    LjLNDIS    MODEL    DURING    SPRING    RBOOIL 

determined  by  the  guide  lugs  M.  This  movement  permits 
of  free  openings  to  the  interior  of  cylinder  H,  through 
the  bottom  of  the  cylinder  at  R  and  through  the  piston  at 
P,  enabling  the  cylinder  to  fill  instantly  with  oil.   It  will 


Fio.  li — Sams  Modbl  am  Fiq.  IS  at  Start  op  Spring  Oomprbssion 
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be  readily  seen  that  this  action  does  not  interfere  with 
the  resiliency  of  the  spring  or  in  any  way  retard  spring 
compression.    • 

When  spring  compression  is  complete,  and  spring  ex- 
pansion starts,  the  piston  rod  D  first  seats  on  the  seat  in 
piston  /,  closing  the  valve  at  P,  then  the  steel  cylinder 
seats  itself  on  the  seat  V,  closing  the  space  between  the 
bottom  of  the  cylinder  and  piston,  with  the  exception  of 
orifice  T,  through  which  the  oil  is  forced  by  the  down- 
ward movement  of  piston  /. 

Although  our  original  experimental  designs^  were  purely 
hydraulic  types,  this  model  is  in  reality  a  hydraulic-pneu- 
matic type  of  shock  absorber.  We  found  that  we  were  not 
always  able  to  fill  the  cylinder  H  with  oil,  and  to  provide 
for  the  "pound"  or  "slap"  which  gave  an  acceleration  at 
the  start  of  recoil,  the  air  cushion  was  placed  in  the  con- 
necting-rod. 

We  were  still  troubled  with  oil  leakage  around  the 
journals  of  the  rotating  arms  which  clamp  on  the  link  C, 
We  used  relief  valves  to  equalize  the  air  pressure  on  the 
inside  of  the  casing  when  the  compressed  air  in  the  pis- 
ton expanded  after  spring  recoils.  We  attempted  to  pack 
the  joint  at  journal  N  without  increasing  f  rictional  resist- 
ance to  spring  compression,  but  without  success.  We  at- 
tributed leakage  of  oil  to  the  sudden  expansion  of  air  in 
the  hollow  piston  rod,  but  finally  we  decided  that  it  would 
be  better  to  change  the  direction  of  flow  of  the  oil  after  it 
was  discharged  from  the  bottom  of  the  cylinder  through 
the  orifice  T.  Instead  of  discharging  the  oil  all  around  the 
steel  cylinder  we  modified  the  construction  of  the  casing 
as  shown  in  the  sectional  view.  Fig.  16. 

This  construction  used  a  by-pass  plate  G  which  dis- 
charged into  an  offset  portion  of  the  casing.  During 
spring  recoil  this  action  discharges  the  oil  over  by-pass 
plate  G  causing  the  discharged  oil  to  establish  a  current 
back  of  the  baffle  plate  P  along  the  outside  of  the  casing, 
the  current  being  deflected  by  oil  deflector  R  discharging 
downward  around  the  outside  of  cylinder  B.  When  cylin- 
der B  is  raised  from  its  seat  at  the  start  of  the  compres- 
sion movement,  the  oil  is  moving  in  the  proper  direction  to 
enter  the  cylinder  at  valve  E  and  over  by-pass  plate  G 
into  the  bottom  of  the  cylinder.  The  cylinder  can  be  filled 
instantly  as  the  oil  current  is  always  travelling  in  the 
same  direction,  regardless  of  whether  the  spring  is  being 
compressed  or  expanded. 

With  the  air  chamber  in  piston  rod  we  found  small 
bubbles  of  air  would  mix  with  the  oil  above  the  oil  line. 
By  means  of  the  valve  mechanism  at  H  we  were  able  to 
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separate  the  air  and  oil»  allowing  the  air  to  escape  during 
spring  compression;  the  separated  oil  returned  to  the 
casing  proper  through  the  small  pipe  T,  the  current  of 
oil  as  it  passed  the  end  of  this  pipe  producing  a  suction 
to  return  the  oil. 

On  the  recoil  movement  of  the  piston  the  air  in  the  hol- 
low piston  rod  is  compressed.  The  wafer  valve  H  cuts  off 
outside  air  communication,  and  the  air  above  the  oil  line 


PiQ.    15 — Model   Similar  to  Fiq.   13,   But  with  Changbd  Casino 
Construction — Spring  Rbcoil  Position 


A — Casing. 

B — Floating  cylinder. 

C — Piston. 

D — Hollow  connecting  rod. 

E — Ball  valve. 

F — Air  pipe. 

G — Bypass  plate. 

H — ^Ring  air  valve. 


I— Oil  filling  plug. 

J — Stationary  arms. 
K — Short  lever 
L — Rotating  arms. 
O — Guide  lugs  for  cylinder. 
P — Baffle  plate. 
R — Oil  deflector. 
S — Air  chamber. 


becomes  slightly  rarefied  owing  to  the  compression  of  air 
in  the  hollow  piston  rod.  This  produces  a  suction  inward. 
As  the  valve  H  is  closed,  the  only  place  for  air  to  enter  is 
around  the  journals  at  M.  The  expansion  and  contraction 
of  the  air  in  the  hollow  piston  rod  in  connection  with  the 
air  valve  made  it  possible  to  eliminate  the  breathing  ac- 
tion which  tended  to  cause  oil  leakage  at  the  journals. 

Air  was  replenished  to  the  air  chamber  by  the  rush  ^f 
oil  over  the  slot  at  the  terminal  of  the  small  oil  pipe  F,  on 
the  face  of  the  piston  rod. 

This  model  did  not  waste  oil  and  handled  spring  re- 
coils very  satisfactorily.  However,  we  were  not  satisfied 
with  its  design  and  again  modified  the  construction  as 
shown  in  Fig.  16. 
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In  this  desifirn  we  dispensed  with  the  air  chamber,  re- 
duced the  lift  of  ball  valve  in  piston  and  increased  the  lift 
of  cylinder  B.  By  the  elimination  of  the  air  chamber  we 
have  done  away  vnth  the  breathing  action  on  the  inside 
of  the  casing,  greatly  simplifying  the  construction.  We 
have  also  been  able  to  introduce  a  hydraulic  resistance  im- 
mediately at  the  start  of  spring  recoils.  This  is  made 
possible  by  the  fact  that  we  do  not  have  to  take  care  of 
the  oil  inertia  due  to  sudden  changes  of  direction  of  oil 
travel. 

The  latest  design,  described  above,  seems  to  fulfill  the 
requirements  of  the  shock  absorber  which  we  started  to 
produce  seven  years  ago. 


Fig.  16 — Latest  Model  Landis  Shock  Difpusbr  Without  Air 
Chamber — Spring   Recoil  Position 

A — Casing.  I — Oil  filling  plug. 

B — Floating  cylinder.  J — Statianary  arms. 

C — Piston.  K — Short  lever. 

D — Connecting  rod.  L — Rotating  arms. 

E — Ball  valve.  O — Guide  lugs  for  cylinder. 

F — Wrist  pin.  P — Baffle  plate. 

G — Bypass  plate.  R — Oil  deflector. 

H — Ring  air  valve. 

Testing  Shock  Absorbers 

Any  test  mechanism  that  does  not  provide  for  the 
violent  oscillation  of  the  unsprung  weight  and  which  does 
not  show  the  return  of  the  chassis  to  its  normal  static 
load  position,  as  well  as  the  time  required  to  return,  is 
worthless  and  misleading.  A  test  mechanism  as  in  Fig. 
16  shows  actual  conditions. 
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By  arranging  the  spring  suspension  to  travel  over  an 
endless-belt  highway  at  predetermined  speed,  with  a 
reducing  motion  connection  between  the  recording  chart 
and  highway,  we  can  accurately  and  graphically  record 
the  true  conditions  existing  in  any  spring  suspension.  We 
believe  it  would  be  for  the  best  interests  of  all  concerned 
to  spend  a  little  time  and  effort  in  obtaining  some  honest 
technical  data  on  this  subject.  If  future  tests  do  not 
verify  expectations,  we  should  try  to  find  out  wherein  the 
difficulty  lies. 

The  shock  absorber  manufacturers  of  this  country 
have  been  laboring  under  a  great  handicap,  due  to  the 
fact  that  there  seems  to  be  great  reluctance  on  the  part  of 
automobile  manufacturers  to  consider  the  use  of  any  aux- 
iliary equipment.  The  accessory  manufacturer  must  cre- 
ate the  demand ;  he  must  force  the  automobile  manufac- 
turer to  change  his  car  because  the  public  demands  it. 
The  day  cannot  be  far  distant  when  we  will  see  marked 
changes  in  the  designs  of  automobile  spring  suspensions, 
which  will  result  in  a  combination  of  satisfactory  springs 
and  shock  absorbers. 

Author's  Conclusions 

Spring  suspension  designs  should  provide  sufficient 
range  of  movement  to  take  care  of  all  loads  from  maxi- 
mum to  minimum,  using  a  spring  of  low  rate.  To  secure 
easy  riding  it  is  folly  to  attempt  to  use  a  spring  that  has 
a  very  small  range  of  movement  with  a  high  rate.  Shock 
absorbers  should  not  be  expected  to  improve  such  condi- 
tions. Some,  life  should  be  put  into  the  spring,  and  its 
recoils  controlled  by  a  suitable  shock  absorber. 

Summing  up  the  requisites  of  a  shock  absorber,  its 
design  must  be  in  accordance  with  the  following  con- 
ditions: 

1  No  neutral  points  in  its  action. 

2  High  road  speeds  with  comfort  and  safety. 

3  Control  of  spring  recoil. 

4  Recoil  soft  and  gentle. 
6  Springs  not  stiffened. 

6  Friction  a  function  of  recoil,  not  a  constant. 
.7  Introduction  of  a  recoil  time  element  in  proportion 
to  the  speed  of  spring  expansion. 

THE    DISCUSSION 

Chairman  John  W.  Watson:— Some  automobile  de- 
signers seem  to  feel  that  a  recoil  check  on  a  spring. 


Digitized  by  VjOOQIC 


498  THE  SOCIETY  OF  AUTOMOTIVE  ENGINEEBS 

instead  of  operating  to  keep  the  wheels  on  the  ground, 
will  tend  to  lift  them  from  the  ground.  On  the 
other  hand,  I  have  satisfied  myself  by  tests  that  a 
properly  functioning  recoil  check — one  that  starts  to  net 
immediately  upon  the  reaction  of  the  spring — ^will  pre- 
vent the  body  from  ever  gaining  suflScient  upward  mo- 
mentum to  pull  the  axles  and  wheels  off  the  ground.  The 
only  kind  of  recoil  check  that  can  cause  the  axles  and 
wheels  to  be  lifted  off  the  ground  is  one  that  allows  the 
body  to  gain  a  certain  amount  of  upward  acceleration 
and  then  attempts  to  check  this  acceleration.  That  is 
not,  however,  the  way  in  which  a  proper  recoil  check 
should  function. 

Mr.  Landis: — The  opposite  is  true.  The  spring  is  held 
under  light  tension  during  its  recoil,  and  there  is  no 
tendency  for  the  wheel  to  leave  the  road  surface.  The 
instant  the  spring  expands  beyond  its  normal  position 
perfect  adhesion  between  tire  and  road  ceases  and  the  tire 
tends  to  be  lifted  from  the  road.  The  axle  certainly  will 
not  be  lifted  from  the  road  before  the  spring  reaches  its 
normal  position.  This  position  is  determined  by  the 
spring  deflection,  which  is  dependent  upon  the  weight  of 
the  body  and  the  load  in  the  car. 

If  we  were  to  put  W  jack  under  the  body  of  the  car, 
we  would  have  to  lift  the  car  beyond  the  normal  position 
before  the  wheels  would  be  off  the  ground.  Up  to  that 
point  we  would  be  lifting  only  the  body  and  its  load,  but 
the  instant  the  normal  point  had  been  passed  the  weight 
would  be  taken  from  the  wheels.  We  would  still  have 
the  dead  weight  of  the  axle  and  wheels  pulling  down  or 
tending  to  open  the  spring. 

Chairman  Watson: — The  proper  recoil  check  does 
not  act  to  prevent  the  separation  of  the  axle  and  body, 
but  acts  merely  to  prevent  their  too  rapid  separation. 
The  function  of  a  recoil  check  is  to  prevent  the  body  and 
axle  from  separating  beyond  their  normal  distance.  If 
the  body  and  axle  are  not  allowed  to  separate  beyond 
the  normal  distance,  it  follows  that  the  spring  will  al- 
ways be  maintained  in  a  compressed  condition.  The 
spring  being  thus  compressed  and  being  resisted  by  the 
weight  of  the  body  from  acting  in  an  upward  direction, 
is  therefore  constantly  tending  to  force  the  axles  and 
wheels  down  and  keep  them  on  the  road. 

Mr.  Landis: — ^Yes,  the  load  would  be  off  the  tire  but 
the  wheels  would  still  be  on  the  ground.  Before  the 
wheels  are  actually  lifted  from  the  road,  the  car  must 
be  well  above  the  static  load  position.     It  seems  to  me 
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that  the  recoil  check  also  keeps  the  spring  under  com- 
pression during  the  recoil. 

If  the  wheels  pass  ever  a  depression,  they  will  naturally 
tend  to  follow  the  road  surface.  The  resistance  to  open- 
ing of  the  spring  offered  by  the  recoil  check  is  propor 
tionate  to  the  speed  of  the  spring  movement.  With  any 
recoil  check  mechanism,  regardless  of  the  weight  in  the 
car,  we  should  not  introduce  so  much  resistance  as  to 
greatly  prolong  the  period  required  for  the  wheels  to 
return  to  their  normal  position. 

A  Member: — ^When  traveling  at  a  high  rate  of  speed, 
what  happens  when  a  series  of  bumps,  such  as  car  tracks, 
are  struck? 

R.  S.  Carter  (M.  S.  A.  E.) : — Under  such  conditions 
the  resultant  displacement  of  the  body  of  the  car  would 
depend  upon  many  variable  factors  such  as  the  ratio 
of  sprung  to  unsprung  weight,  the  speed,  the  flexibility 
and  period  of  both  front  and  rear  springs.  With  cer- 
tain combinations  of  these  factors  it  would  be  most  de- 
sirable to  make  use  of  shock  absorbers,  while  with  other 
combinations  undesirable,  unless  the  flexibility  and  period 
of  the  car  springs  and  the  action  of  the  shock  absorbers 
were  properly  coordinated. 

A  Member: — How  should  the  ideal  spring  suspension, 
as  mentioned  in  Mr.  Landis'  paper,  be  designed? 

Mr.  Landis: — That  depends  upon  the  type  of  spring 
used  under  the  vehicle,  and  also  upon  the  speed  of  the 
car.  If  the  unsprung  weight  could  be  kept  down  to  a 
minimum,  the  spring  rate  could  be  greatly  reduced.  I 
consider  that  the  spring  rate  should  be  determined  by  the 
weight  of  the  axles,  wheels,  body,  the  live  load  in  the 
car,  and  the  range  of  spring  movement  necessary  to  meet 
average  road  conditions.  On  meeting  an  obstruction  the 
unsprung  weight  imparts  a  certain  compressing  force  to 
the  spring.  If  the  range  of  spring  movement  were  not 
sufiiciently  large,  it  would  be  necessary  to  increase  the 
spring  rate. 

Chairman  Watson  :— Regardless  of  the  amount  to 
which  the  spring  has  been  compressed,  should  not  the 
resistance  to  the  reaction  of  the  spring  start  at  zero  and 
be  increased  in  ratio  with  the  reaction  distance? 

Mr.  Carter: — It  starts  from  zero  and  builds  up.  At 
the  first  impact  of  the  bl^w,  it  should  start  to  absorb 
the  energy  imparted  by  the  shock.  If  it  does  not  start 
with  the  shock  impact  the  springs  will  collapse  farther 
and  a  much  greater  resistance  will  have  to  be  applied 
in  order  to  check  the  car  springs  on  the  rebound.    This 
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greater  resistance  of  the  shock  absorber  against  recoil 
will  materially  affect  the  recovery  of  the  car  springs 
under  certain  road  conditions  where  a  quick  recovery 
is  essential  to  comfort. 

Mr.  Landis: — ^With  a  hydraulic  type,  on  the  other  hand, 
the  resistance  decreases  with  the  car  speed.  That  is 
the  trouble  I  see  with  most  friction  recoil  devices. 

I  have  seen  this  tried  with  very  soft  flexible  springs 
on  cars  running  at  20  m.p.h. ;  when  passing  over  ordinary 
obstructions  each  spring  becomes  completely  straightened. 
We  tested  a  car  fitted  with  a  suspension  designed  in  ac- 
cordance with  our  suggestions,  and  the  springs  seemed 
to  be  too  weak.  We  controlled  the  recoil  without  inter- 
ference with  the  compression,  and  the  springs  then  failed 
to  "hit  bottom,'^  even  at  high  speeds. 
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Sprunf  weight,  W.    Unspninff  weight,  W,    Pencil  points,  a  and  b. 
Record  sheet.  A,  Traveling  highway,  B,  Worm  drive  between  high- 
way ana  record  sheet,  c 


Mr.  Carter: — Most  discomfort  comes  from  heavy 
forced  vibration,  occasioned  when  running  into  holes  or 
ruts;  unless  shock  absorbers  are  used  automobile  manu- 
facturers are  obliged  to  supply  springs  that  will  meet 
the  worst  road  conditions  even  at  the  sacrifice  of  com- 
fort Springs  that  are  not  supported  during  compres- 
sion by  some  form  of  shock  absorber  are  essentially 
heavier  springs  which  have  9ot  as  good  riding  qualities 
under  good  road  conditions  as  more  flexible  springs. 

Instead  of  controlling  the  recoil  alone  after  the  spring 
has  moved  considerably  under  compression,  will  it  not 
be  better  to  start  to  absorb  the  shock  energy  at  the  time 
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of  impact,  in  view  of  the  fact  that  a  definite  number  of 
foot-pounds  of  energy  must  be  absorbed  and  the  earlier 
the  absorber  comes  into  action  the  longer  the  time  it 
will  have  to  absorb  this  energy? 

Mr.  Landis: — Mr.  Carter  is  attempting  to  absorb  the 
energy  with  a  short  movement  by  using  a  spring  of  a 
variable  rate.  It  is  quite  true  that  some  of  the  impact 
will  thus  be  absorbed,  but  the  tendency  to  pitch  the  cai: 
from  its  straight-line  travel  will  be  increased  while  the 
spring  is  being  compressed,  because  the  spring  is  of  a 
higher  rate.  The  impressed  force  acting  upon  the  body 
is  greater;  hence  the  pitching  of  the  car  will  be  greater 
during  compression  of  the  spring. 

All  that  is  necessary  is  to  provide  a  slight  resistance 
so  that  when  the  spring  is  coming  back  there  will  be  no 
slap  or  pound,  as  there  is  with  a  free  spring.  If  the 
recoil  can  be  controlled  immediately  at  the  start,  the  recoil 
movement  can  be  overcome  with  slight  resistance  much 
more  satisfactorily  than  if  it  is  allowed  to  accelerate 
before  attempting  to  stop  it. 

Mr.  Garter: — Mr.  Landis  brings  out  just  the  point  I 
was  approaching,  which  is  that  very  flexible  springs  can 
be  used  with  safety  on  a  car  provided  they  are  supple- 
mented and  protected  against  the  forced  vibrations  of 
impact  shocks  by  the  co-action  of  a  properly  designed 
shock  absorber. 

An  advantage  of  using  springs  of  high  flexibility-  is 
that  (as  their  variation,  per  inch  of  motion,  is  less  than 
that  of  stiff  springs)  their  supporting  action  against 
the  frame  of  the  car  is  more  nearly  constant  when  the 
wheels  of  the  car  are  passing  over  the  uneven  surfaces 
of  the  road.  For  example,  in  passing  over  a  mound  2  in. 
high,  a  spring  of  600  lb.  per  inch  increases  its  pressure 
against  the  frame  by  1200  lb.  and  one  of  200  lb.  per  inch 
by  only  400  lb.,  and  conversely  when  passing  through  a 
depression  of  2  in.  in  the  road  the  heavier  spring  re- 
duces its  support  against  the  frame  by  1200  lb.  and  the 
flexible  spring  by  only  400  lb.  With  the  flexible  spring 
the  variation  of  support  against  the  sprung  mass  of  the 
car  is  only  one-third  that  of  the  heavier  spring. 

As  the  ideal  suspension  must  allow  motion  of  the  un- 
sprung parts  without  variation  of  reaction  of  the  sup- 
porting elements  against  the  supreme  mass  it  is  evident 
that  the  more  nearly  this  variation  is  brought  to  zero 
the  nearer  do  we  approach  the  desired  but  unobtainable 
straight-line  travel  of  the  sprung  mass. 

Ernest  Flentje: — Three  essentials  are  necessary  to 
make  a  car  ride  flexibly,  sensitively .  and  safely:  first, 
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sensitive  cushions;  second,  long,  flexible  springs;  third, 
automatic  shock  absorbers.  The  main  spring  of  an 
automobile  cannot  act  quickly  enough  when  going  over 
little  holes  in  the  road.  In  such  cases  a  sensitive  cushion 
will  take  up  oscillation  or  quiver  that  the  main  spring, 
when  carrying  a  light  load,  cannot  follow  quickly  enough. 
I  have  found  by  experience  that  the  half -elliptic  spring 
gives  better  satisfaction  and  more  sensitive  riding  quali- 
ties with  a  light  load  than  the  three-quarters  or  full 
elliptic  spring.  When  only  two  or  three  people  are  rid- 
ing in  a  seven-passenger  car  (having  springs  designed 
for  a  seven-passenger  load)  the  springs  will  not  oscillate 
freely  and  the  car  motion  will  be  choppy. 

Importance  of  Spring  Finish 

The  average  automobile  springs  are  not  properly  fin- 
ished; the  scale  from  the  rolling  mill  is  left  on,  and  in 
many  cases  the  spring  is  not  shaped  properly.  A  spring 
not  properly  scraped  acts  like  a  file;  such  a  spring,  if 
taken  apart  after  4000  to  5000  miles  of  use,  would  show 
many  imperfections  causing  friction  and  preventing  free 
oscillation. 

To  overcome  lack  of  sensitiveness  in  springs,  I  go  over 
the  spring  leaves  with  an  emery  wheel,  taking  off  the 
roughness  and  scale,  then  I  put  them  on  a  felt  wheel 
and  polish  and  apply  oil  and  graphite.  Then  I  place  a 
strip  of  specially  prepared  spring  phosphor  bronze  be- 
tween every  leaf.  This  treatment  increases  the  flexibility 
from  20  to  25  per  cent.  By  this  means  a  seven-passenger 
car  can  be  made  comfortable  and  very  sensitive  when  two 
or  three  persons  are  riding,  but  if  the  car  is  also  equipped 
with  automatic  shock  absorbers  it  will  be  equipped  for 
shocks  of  either  one  or  one  thousand  pounds,  the  latter 
actually  occurring  at  high  speed  when  meeting  road  ob- 
structions. 

The  point  has  been  mentioned  that  the  shock  absorber 
must  take  solid  hold  immediately  on  the  recoil.  I  em- 
ployed that  principle  for  nearly  five  years,  but  found  that 
it  was  wrong.  When  we  equip  a  car,  the  device  is  at- 
tached in  the  front  between  the  axle  and  frame,  so  as 
to  allow  from  3  to  3^/^  in.  of  movement  between  the 
bumps.  The  rear  attachment  depends  entirely  upon  the 
action  and  the  length  of  the  springs,  but  a  piston  travel 
of  from  4V^  to  6  in.  is  usually  provided. 

E.  R,  Waterman  (A.  S.  A.  E.) : — Mr.  Landis  thought 
the  speed  or  blow  had  no  effect  on  the  initial  action  of  the 
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Hartford  shock  absorber  on  the  downward  action  of  the 
spring. 

Mr.  Landis: — ^No,  I  did  not  say  that. 

Mr.  Waterman: — The  tension  on  the  Hartford  shock 
absorber  is  about  35  lb.  for  the  average  car,  and  while 
it  is  a  constant-friction  device,  the  initial  shock  or  blow 
has  a  tendency  to  release  the  tension  momentarily.  Then, 
as  the  action  of  the  spring  becomes  weaker,  the  tension 
or  control  of  the  shock  absorber  increases  proportion- 
ately until  it  offers  its  maximum  of  resistance  to  the 
spring's  vibration.  This  is  important,  as  the  car  spring 
has  stored  up  energy  which  must  be  dissipated  to  prevent 
a  disagreeable  recoil,  and  the  absorption  of  a  large  meas- 
ure of  this  stored-up  energy,  by  the  application  of  the 
maximum  resistance  of  the  shock  absorbers,  effectively 
slows  up  the  return  of  the  spring  to  its  normal  position. 

Chairman  Watson: — A  spring  requiring  200  lb.  to 
compress  it  1  in.  will  require  400  lb.  to  compress  it  2  in. 
If  a  spring,  therefore,  has  been  compressed  4  in.,  800  lb.  of 
energy  are  stored  up  in  that  spring.  I  cannot  understand 
how  a  resistance  of  but  35  lb.  can  have  any  appreciable 
or  beneficial  effect  in  preventing  this  energy  from  tossing 
the  body  up  beyond  the  normal  position. 

It  is  doubtful  if  spring  manufacturers  can  ever  fur- 
nish springs  for  passenger  cars  that  will  give  ideal 
results  under  the  great  variety  of  conditions,  without 
the  aid  of  some  controlling  device,  either  as  a  part  of 
the  spring  itself  or  added  as  an  auxiliary.  Passenger 
car  springs  are  designed  for  full  passenger  load,  but  in 
many  cases  are  operated  under  much  lighter  load;  con- 
sequently, the  spring  action  under  the  lighter  load  is 
more  violent,  producing  greater  vibration  and  rebound 
(or  upthrow),  so  that  some  shock-absorbing  device  is 
needed  for  protection  of  the  springs  and  for  riding 
comfort. 

Air  Shock  Absorbers  Give  Long  Range  and  Flexibility 

Richard  Liebau  : — The  Westinghouse  air  spring  has  a 
telescopic  cylindrical  air  chamlber,  allowing  an  unre- 
stricted movement  of  the  steel  spring'  and  a  six-inch 
movement  of  the  air  spring.  The  air  springs  are  inflated 
to  a  pressure  sufficient  to  carry  the  car  with  a  given  bdoy 
load.  The  air  pressure  is  governed  by  the  weight  of  the 
car;  for  the  light  car  it  is  from  35  to  40  lb.  per  sq.  in.  and 
for  heavier  cars  from  45  to  90  lb.  We  do  not  govern  the 
absorber  by  the  pressure  in  the  spring,  but  by  the  posi- 
tion after  it  has  been  inflated. 
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The  oil  used  has  three  functions:  to  seal  the  air,  to 
lubricate  the  moving  parts,  and  to  operate  the  little 
single-acting  oil  pump  for  pumping  the  oil  back  into 
the  spring  to  level  the  oil. 

Our  experience  shows  that  it  is  necessary  to  have  steel 
springs  with  long  range  of  movement  at  both  ends  of  the 
car.  Engineers  with  whom  I  have  come  in  contact  do  not 
seem  to  consider  that  blows  on  the  front  end  of  a  car 
have  as  much  to  do  with  the  action  as  those  on  the  rear, 
but  a  car  equipped  with  these  devices  on  the  rear  only 
will  not  even  give  half  as  comfortable  riding  as  one 
equipped  both  on  front  and  rear. 

We  find  that  in  order  to  get  satisfactory  results  with 
our  equipment  the  steel  spring  under  the  car  must  be 
sufficiently  heavy  to  support  the  load  under  normal  con- 
ditions, and  of  sufficient  strength  to  work  safely  on  aver- 
age roads  without  striking  the  axle. 

The  air  shock  absorber  results  in  a  long  range  of 
flexible  spring  action,  thus  allowing  the  wheel  to  follow 
the  inequalities  of  the  road  without  disturbing  the 
straight-line  travel  of  the  body;  that  is  the  real  reason 
for  the  success  of  the  air  spring.  I  do  not  believe  any 
device  has  been  conceived  as  yet  that  will  absolutely  elim- 
inate all  road  shocks  or  rebounds,  but  we  are  all  working 
to  that  end. 

John  W.  Blackledge  (A.  S.  A.  E.) :— A  spring  can- 
not be  made  with  the  correct  strength  for  both  a  1500-lb. 
and  a  60-lb.  load.  Spring-type  shock  absorbers  take  care 
of  variations  in  load  and  adapt  themselves  to  any  load. 
Their  coils,  being  softer  and  more  resilient  than  the 
main  spring,  work  faster  than  this  and  absorb  the 
thousands  of  small  vibrations  before  they  are  carried 
to  the  body  of  the  car.  Manufacturers  of  the  type  of 
shock  absorber  known  as  the  recoil  check  state  that  the 
spring  type  does  not  resist  the  upthrow  of  a  car.  In 
this  they  are  mistaken. 

The  two  following  illustrations  will  serve  to  explain  the 
manner  in  which  the  spring  type  helps  to  absorb  the  big 
shocks.  ' 

A  solid  steel' ball  one  inch  in  diameter  was  observed 
to  bounce  twice  to  the  height  of  about  three  feet  on  a 
hard  floor  and  on  the  third  bounce  it  fell  on  a  rubber 
matting.  When  it  struck  the  rubber  matting  it  bounced 
about  one  inch  and  stopped  dead.  The  resilience  of  the 
rubber  matting  absorbed  tbe  shock  and  killed  the  up- 
throw, the  same  as  the  "give'*  in  the  coils  of  the  spring 
shock  absorber  kills  the  greatest  part  of  the  rebound  of 
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a  car.  If  a  man  jumps  from  a  table  to  the  floor,  alight- 
ing on  his  heels  stiff-legged,  it  will  give  him  a  painful  jar, 
but  if  he  alights  on  his  toes  with  knees  bent,  there  is  no 
discomfort  whatever.  The  bend  in  his  knees  and  the 
spring  of  the  toes  kill  the  shock  and  answer  the  same 
purpose  as  a  spring  shock  absorber. 

RecoU  Shock  Absorbers  Required  for  Large  Bumps 

The  large  bumps,  for  which  the  recoil  check  type  is  re- 
quired, do  not  occur  of tener,  on  an  average,  than  once  in 
800  'feet,  while  in  the  space  of  800  feet  there  are  hun- 
dreds of  small,  jerky  vibrations  caused  by  cobble  stones 
and  railroad  bracks  to  be  eliminated  by  the  cushion  type 
of  shock  absorber.  The  cushion  type,  therefore,  does 
more  good  than  the  recoil  check  type. 

Each  type,  however,  has  its  own  particular  use,  de- 
pending upon  the  individual  car  to  which  it  is  applied. 
Several  types  of  cars  have  springs  which  cannot  be 
fitted  with  spring  or  cushion  type  shock  absorbers,  and 
such  cars  the  recoil  check  will  greatly  help. 

Frank  R.  Farnham: — ^The  development  in  passenger 
automobile  spring  suspensions  has  been  due  to  two  rea- 
sons: First,  because  sales  have  depended  to  a  great  ex- 
tent upon  the  comfort  of  the  passengers  as  well  as  upon 
the  power,  speed  and  flexibility  of  operation  of  the  chas- 
sis. Second,  it  has  been  recognized  by  manufacturers  of 
automobiles  that  the  very  vibration  which  it  is  desired 
to  eliminate  in  order  to  secure  the  comfort  of  the  pas- 
sengers is  also  the  cause  of  many  minor  repairs  and 
adjustments  to  the  engine,  transmission  and  chassis  in 
general. 

Passenger  automobile  spring  suspensions  have  been  de- 
veloped to  a  very  high  degree  with  a  marked  tendency 
toward  the  use  of  long  and  fairly  flexible  springs  having 
a  comparatively  slow  period  of  vibration.  Yet  even  with 
spring  suspensions  of  this  character  a  large  number  of 
automobile  owners  have  found  it  advisable  to  use  shock- 
absorbing  devices  of  one  sort  or  another,  in  order  to  check 
the  rebound  of  the  springs  when  traveling  over  rough 
roads  or  pavements. 

Since  the  total  weights  carried  by  most  passenger  au- 
tomobiles are  comparatively  light,  and  since,  in  the  in- 
terest of  riding  comfort,  their  spring  suspensions  have 
been  developed  to  a  very  high  degree,  the  effect  of  such 
spring  stiffness  under  light  loads  is  not  intolerable.    ^ 

Very  different  conditions,  however,  prevail  in  the  case 
of  the  commercial  vehicle. 
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In  designing  motor  truck  springs  the  engineer  has 
been  forced  by  conditions  to  provide  a  suspension  vrith 
an  ample  factor  of  safety,  not  only  to  carry  the  rated 
load,  but  also  to  cope  with  the  excessive  overloads  which 
may  be  carried  in  emergency. 

Such  a  factor  of  safety  naturally  presupposes  a  strong, 
rugged  spring — one  having  ample  strength  to  carry  the 
truck  chassis  and  the  pay-load,  and  which  under  such 
load  will  sl^ow  a  fair  degree  of  resiliency.  This  spring, 
however,  will  be  deflected  very  little  if  any  when  the 
vehicle  is  operating  empty  or  in  the  lightly  loaded  con- 
dition. 

No  one  spring  can  be  designed  for  motor  truck  service 
that  will  develop  equal  rasiliency  under  both  light  and 
heavy  loads,  and  this  fact  would  indicate  the  advisability 
of  using  auxiliary  springs  which  shall  automatically  come 
into  action  when  the  load  on  the  truck  is  reduced  to  such 
a  point  that  the  main  springs  show  insufikient  resiliency. 
These  auxiliary  springs  should  also  automatically  go  out 
of  action  and  transfer  their  work  to  the  inain  springs  of 
the  truck  when  the  load  carried  is  sufficient  to  develop 
the  resiliency  for  which  these  were  designed. 

Such  a  dual  type  of  spring  suspension  would  effect  a 
very  material  reduction  in  the  vibration  reaching  the 
chassis  when  the  vehicle  is  traveling  lightly  loaded  or 
empty,  and  any  vibrations  reaching  the  chassis  would  be 
very  much  reduced  in  sharpness. 

There  is  already  on  the  market  a  device  which  actually 
does  constitute  dual  spring  suspension  in  connection  with 
the  regular  leaf  springs  of  a  motor  truck,  such  as  above 
referred  to.  With  such  slight  modifications  as  the  de- 
sign of  a  given  truck  may  require,  the  Kim  auxiliary 
spring  consists  of  a  pair  of  heavy  coil  springs  of  tbe 
torsion  type.  These  are  mounted  in  the  yoke  in  such  a 
way  that  their  inner  ends  are  attached  to  a  riding  member 
of  the  yoke,  while  the  outer  ends  are  fastened  to  a  sta- 
tionary member. 

As  long  as  a  light  load  only  is  carried,  or  the  truck  is 
driven  empty,  this  auxiliary  arrangement  performs  praC' 
tically  all  the  spring  action.  When  the  truck  is  loaded  up 
to  or  beyond  its  rated  capacity,  the  torsion  springs  em- 
bodied in  the  Kim  spring  assume  a  locked  position,  in 
which  they  are  subject  to  no  further  stress  or  action,  and 
the  entire  load  of  the  truck  is  carried  on  the  regular  leaf 
springs,  which  of  course  are  then  operating  under  condi- 
tions of  maximum  resiliency. 

The  entire  assembly  of  the  Kim  auxiliary  spring  is  so 
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arranged  that  if  through  accident  either  or  both  of  the 
torsion  springs  should  be  fractured  the  assembly  would 
hold  together,  then  performing  the  same  service  as  the 
regular  spring  shackle  which  it  replaces. 

Mb.  Carter: — I  believe  that  a  spring  suspension  of  a 
given  flexibility  produces  comfortable  riding  over  only 
a  narrow  range  of  road,  load  and  speed  conditions.  To 
produce  the  greatest  comfort  when  riding  at  low  speeds 
over  cobbles  and  rippled  roads  very  flexible  springs  should 
be  used,  while,  conversely,  for  fast  driving  over  heavy 
and  rough  roads  stifFer  springs  are  imperative,  not  only 
to  secure  moderate  comfort,  but  also  to  adequately  protect 
the  car  from  damage. 

Some^automobile  manufacturers  attempt  to  meet  these 
conditions  by  supplying  springs  of  different  flexibilities. 
One  European  manufacturer  even  goes  so  far  as  to  have 
available  springs  of  over  thirty  different  flexibilities;  the 
weight  of  the  body,  average  number  of  passengers,  con- 
ditions of  roads  encountered  and  the  usual  speed  at  which 
the  car  is  to  be  driven  are  considered  when  the  springs 
are  selected  for  each  car.  Good  results  can  thus  be  ac- 
complished, as  the  roads  are  universally  good  in  Europe, 
and  those  driving  the  cars  have  learned  to  go  carefully 
over  the  few  stretches  of  bad  roads  which  may  be  en- 
countered. 

In  this  country,  where  road  conditions  vary  so  greatly, 
automobile  manufacturers  have  been  obliged  to  make 
compromises.  Some  use  stiff  springs  to  protect  the  car 
over  the  worst  road  conditions.  Others  use  flexible 
springs  requiring  careful  driving,  but  the  majority  use 
stiff  springs  on  front  and  reasonably  flexible  springs  on 
the  rear. 

Shock  Absorbers  Modify  Spring  Flexibility 

The  successful  shock  absorbers  on  the  market  can  be 
divided  into  two  classes : 

1  Those  acting  as  auxiliary  springs,  such  as  the 
Westinghouse,  U.  S.  E.,  etc.,  which  are  attached  between 
the  end  of  the  car  springs  and  the  frame.  Their  prime 
object  is  to  add  flexibility  to  the  car  springs. 

2  Those  which  are  mounted  between  the  axles  and 
frame  and  reduce  the  flexibility  of  the  car  springs  in 
either  one  or  both  directions. 

It  is  evident  that  where  one  type  is  successful  the 
other  type  would  be  a  failure.  With  the  almost  universal 
method  of  equipping  American  cars  with  stiff  front 
springs  and  flexible  rear  springs,  the  Glass  1  type  of 
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shock  absorber  should  be  used  in  front  and  Class  2  on 
the  rear  in  order  to  obtain  good  results. 

I  have  been  attempting  to  make  it  practicable  to  equip 
cars  on  both  front  and  rear  with  soft  springs  of  high 
flexibility,  allov^ing  them  practically  free  action  under 
slight  shocks  such  as  on  cobbles,  rippled  roads,  and  in 
city  driving,  while  controlling  their  action  by  the  use  of 
an  attachment  called  an  oil  spring  which  gives  an  in- 
creasingly greater  resistance  as  the  road  condition  be- 
comes less  favorable  or  as  the  load  or  speed  may  be  in- 
creased. 

The  combined  action  of  the  oil  springs  and  such  a  set 
of  high  flexibility  springs  gives  in  effect  the  action  of 
flexible  springs  for  good  road  conditions,  and  of  increas- 
ingly stiffer  springs  as  load  and  speed  increase  and  the 
road  surface  becomes  rougher. 

It  seems  to  be  a  mistaken  idea  that  because  the  front 
springs  are  not  under  the  passengers  they  do  not  affect 
riding.  Nothing  could  be  more  erroneous,  as  all  the 
disagreeable  vibrations  from  too  rigid  front  springs  are 
transmitted  through  the  car.  Again,  as  the  period  of 
the  stiff  front  springs  is  so  out  of  phase  with  the  more 
flexible  rear  springs,  the  result  over  certain  roads  is  most 
unsatisfactory. 

Suitable  Spring  Flexibility  Important 

When  equipping  cars  of  standard  makes  in  this  country 
with  oil  springs  I  have  found  that  much  better  riding 
qualities  can  be  obtained  by  increasing  the  flexibility  of 
the  front  springs  which,  when  operating  in  conjunction 
with  the  oil  springs,  do  not  break  through  and  'liit  bot- 
tom." From  actual  experience  I  have  obtained  excep- 
tionally good  results  with  springs  of  the  following  flexi- 
bilities when  using  oil  springs  to  control  their  action. 

Canatructian  of  Laminated  Piston  Oil  Spring 

The  oil  spring.  Fig.  18,  has  a  flexible  laminated  steel 
piston  and  a  flexible  collapsing  spring  steel  curved  parti- 
tion operating  within  the  oil  chamber  in  order  to  obtain 
a  graded  resistance  which  produces  but  slight  reaction 
against  small  movements  of  the  axle  and  increasingly 
greater  resistance  the  larger  the  magnitude  of  this  move- 
ment becomes.  It  also  produces  a  greater  reaction  against 
recoil  at  any  one  point  than  against  impact. 
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Fia.  18 — Interior  Construction  of  thb  Retrac  Oil  Spring 
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Owing  to  its  construction,  the  resisting  parts  being 
made  of  laminated  springs  whose  flexibility  can  read- 
ily be  changed,  it  offers  broad  possibilities  in  obtaining 
the  resistance  in  either  direction  that  will  give  the  desired 
results  without  in  any  way  changing  the  structure  of  the 
absorber.  The  springs  acting  within  the  oil,  cushion  the 
retarding  effect  and  allow  a  powerful  action  to  be  used 
without  noticeably  stiffening  the  action  of  the  car  springs 
or  making  the  combined  action  of  the  car  springs  and 
absorber  jerhy. 

Fig.  19  shows  graphically  the  results  obtained 
through  the  use  of  the  oil  spring  combined  with  the 
action  of  a  spring  of  high  flexibility  compared  with  the 
graphic  curve  of  a  stiff  spring  of  low  flexibility  and  of 
twice  the  strength  per  inch.  A  indicates  graphically  the 
compression  and  expansion  of  a  250-lb  spring  under 
6-in.  compression.  B  indicates  the  compression  and 
expansion  of  a  600-lb.  spring  under  5-in.  compression. 
C  indicates  the  combined  curve  of  the  oil  spring  and. the 
250-lb.  spring  under  similar  conditions,  based  on  a 
period  of  130  vibrations  per  minute. 
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STANDARDIZED  SPECIFICATIONS  FOR 
LUBRICATING  OILS 

BY  C  W  STRATFORD* 

In  all  industries  the  tendency  toward  standardization 
has  never  been  stronsrer  than  at  present.  Under  stress 
of  war,  international  standardization  committees  are  now 
the  order  of  the  day.  The  work  done  by  these  commit- 
tees has  been  fruitful  in  securing:  the  highest  degree  of 
quality,  suitability  and  manufacturing  efficiency.  The  oil 
industry  appears  to  be  one  of  the  few  remaining  in  which 
no  effective  standardization  has  been  brought  about. 
It  is  generally  recognized  that  there  is  real  need  for  some 
dependable  method  or  methods  of  distinguishing  between 
good  and  poor  lubricating  oils. 

The  advent  of  internal-combustion  engines  has  intro- 
duced a  new  and  important  element  into  the  lubrication 
of  machinery,  namely,  much  higher  operating  tempera- 
tures. Oils  in  these  engines  are  not  only  exposed  to  high 
temperatures,  but  are  also  brought  into  intimate  contact 
with  carbureted  air  and  products  of  partial  or  complete 
combustion,  which  contaminate  them. 

When  the  science  of  internal-combustion  engine  design 
was  in  its  early  stages  little  attention  could  be  spared 
for  the  proper  study  of  explosjon-engine  lubricants.  As 
this  type  of  engine  approached  perfection  a  difference  in 
lubricating  oils  was  soon  perceived  in  service.  Engine 
manufacturers  soon  found  that  certain  oils  gave  good 
results  while  others  were  unsatisfactory.  As  their  chief 
task,  however,  has  been  to  produce  engines,  and  not  oils, 
their  attention  has  been  concentrated  exclusively  within 
their  own  field,  ^n  rare  instances  some  engine  manu- 
facturers have  made  exhaustive  experiments  with  lubri- 
cating oils,  assuming  that  such  oils  bought  in  litho- 
graphed tins  would  always  be  of  uniform  quality  if  called 
by  the  same  trade  name.  This  assumption,  erroneous  on 
their  part,  has  resulted  in  the  complete  nullification  of 
much  good  that  might  have  been  derived  from  such  en- 
gine tests.     Unfortunately,  intelligent  tests  cannot  be 
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made  on  lubricating  oils  in  heat  engines  unless  they 
are  planned  and  carried  out  by  operators  who  thoroughly 
understand  all  the  features  of  internal-combustion  engine 
operation,  as  well  as  the  fundamentals  of  hydrocarbon 
chemistry  and  the  important  secrets  of  the  oil-refining 
industry.  Lubricating  efficiency  and  oil  quality  are  dis- 
tinctly a  chemical  matter;  hence  any  specification  seeking 
to  limit  quality  and  to  definitely  fix'  suitability  and  uni- 
formity must  repose  upon  a  strictly  chemical  or  physico- 
chemical  basis. 

There  are  so  many  variables  in  the  operation  of  inter- 
nal-combustion engines  that  unless  all  tests  are  run  under 
carefully  studied  and  uniformly  limited  conditions  no 
comparison  can  be  made  with  the  results  obtained  from 
the  lubricants  in  practical  use.  Because  of  the  diffi- 
culty and  of  the  great  expense  attached  to  the  execution 
of  such  tests,  it  is  obvious  that  they  should  be  supplanted 
by  some  laboratory  methods  which  would  make  possible 
the  determination  of  the  same  qualities  and  defects  that 
are  brought  into  unmistakable  evidence  in  properly  run 
engine  tests  or  in  actual  service. 

One  of  the  first  attempts  to  establish  such  laboratory 
tests  was  made  by  trying  to  apply  the  heat  and  the 
emulsion  tests  in  the  determination  of  the  practical  serv- 
ice value  of  lubricating  oils.  Oils  that  permanently  emul- 
sify with  distilled  water  were  found  to  decompose  rap- 
idly when  used  in  an  engine.  Hydrocarbon  oils  showing 
a  poor  emulsion  test  also  always  suffer  an  undesirable 
decomposition  when  exposed  to  heat.  Increased  famili- 
arity with  these  two  tests  soon  proved  to  oil  refiners 
that  the  best  public  demand  was  for  engine  oils  that 
showed  up  most  favorably  under  such  tests.  But  the 
indications  of  these  two  tests  were  proved  to  be  too  lim- 
ited to  serve  as  a  basis  for  judging  all  oils.  When  no 
"sulpho"  compounds  or  highly  unstable  hydrocarbon  com- 
pounds were  present  the  results  obtained  were  negative. 
Consequently  other  tests  had  to  be  evolved  that  would 
indisputably  and  definitely  prescribe  the  stability  (mean- 
ing resistance  to  chemical  change)  and  the  suitability 
(correct  volatility  for  the  operating  conditions)  of  all 
oils  for  use  in  internal-combustion  engines. 

In  the  light  of  the  most  recent  study  and  exhaustive 
experimentation,  the  oxidation  test  appears  to  be.  the 
only  dependable  and  satisfactory  method  by  which  the 
stability  of  oils  can  be  predicted  when  they  are  used  in 
service.  The  main  facts  shown  by  this  test  are  the  evap- 
oration loss  and  the  rate  at  which  solid  hydrocarbons 
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are  formed  by  polymerisation  or  precipitation  when  oils 
are  exposed  to  the  working  conditions  of  an  engine. 

The  distillation  of  finished  oils  under  a  high  vacuum 
offers  an  unfailing  means  of  determining  their  constitu- 
ents; that  is,  of  what  groups  of  hydrocarbons,  highly 
volatile  or  less  volatile,  the  finished  oils  may  consist.  This 
^st  is  a  useful  supplement  to  the  oxidation  test. 

In  the  oxidation  test  oils  are  exposed  to  a  uniform 
high  temperature  and  the  surface  of  the  oil  under  test 
is  swept  by  a  continuous  current  of  air,  thus  duplicating 
actual  conditions  to  be  met  with  in  an  engine. 

Fractionation  under  conditions  of  high  vacuum  is  an 
excellent  method  of  making  an  approximate  analysis 
of  finished  lubricating  oils,  since  it  permits  of  separating 
the  volatile  from  the  less  volatile  portions  in  graduated 
fractions.  When  oils  show  high  evaporation  loss  the  oxi- 
dation test  alone  cannot  explain  the  reason  for  this  loss. 
Evaporation  may  occur  because  of  natural  volatility  or 
because  of  the  occurrence  of  "cracking,"  that  is,  decom- 
position of  the  oil  into  light  portions  and  heavy  liquid  or 
solid  hydrocarbon  residuals. 

Customary  Routine  Tests 

Before  giving  an  extended  description  of  the  apparatus 
and  the  method  of  making  the  test  it  is,  perhaps,  well 
to  discuss  certain  routine  physical  tests  that  have  become 
traditional  to  the  oil  industry  and  to  the  oil  consumer. 

The  problem  of  differentiation  between  groups  of  hy- 
drocarbons sold  under  trade  names  is  a  different  matter 
when  viewed  from  the  angle  of  the  oil  refiner,  as  com- 
pared with  that  of  the  final  consumer.  The  oil  refiner 
must  have  some  practical  tests  that  sufiice  for  his  pur- 
poses, but  at  the  same  time  during  the  processing  of  his 
distillates,  enable  him  to  produce  oils  having  uniform 
properties. 

A  perfect  knowledge  of  his  crude  oil,  as  well  as  a 
familiarity  with  all  of  the  distillates  from  that  crude  oil, 
automatically  builds  up  for  the  refiner  a  series  of  stand- 
ards which,  though  significant  to  him,  are  meaningless  to 
the  consumer.  In  most  instances  these  standards  are  of 
little  value  to  other  oil  refiners  who  are  handling  crudes 
of  different  characteristics.  The  meaning  of  these  cus- 
tomary routine  tests — gravity,  flash,  fire,  viscosity,  cold 
test  and  color — may  be  taken  as  examples.  By  these  tests 
oil  refiners  accustomed  to  handling  some  specific  crude 
or  mixtures  of  crudes  soon  become  so  familiar  with  their 
distillates  as  to  be  able  to  condemn  or  approve  any  dis- 
tillate in  any  stage  of  refining. 
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Gravity  Test — The  first  separation  of  crude  oil  into  its 
distillates  is  usually  controlled  by  their  gravity.  This 
test  also  indicates  to  the  oil  refiner  the  geographical 
source  of  the  crude  oil.  Formerly,  all  oil  refiners  judged 
the  quality  of  the  light  volatile  products,  such  as  fuels 
for  engines,  by  gravity  alone.  Present-day  developments, 
however,  have  shown  that  this  is  not  a  proper  indication 
of  volatile  fuel  characteristics.  Gravity,  as  applied  to 
any  petroleum  product,  is  of  no  practical  significance  to 
the  consumer. 

Flash  Teat — This  is  used  by  oil  refiners  as  a  measure  of 
volatility.  The  very  lightest  products,  such  as  gasoline, 
are  not  controlled  by  a  flash  determination.  The  flash 
point  of  all  other  distillates  and  residues  is  generally 
used  as  an  indication  for  necessary  separation  of  distil- 
lates into  their  required  fractions.  The  flash  test  made 
on  products  not  contaminated  is  an  indication  of  the 
same  property  as  shown  by  the  fire  test.  When  the 
products  are  contaminated  the  fire  test  shows  more  nearly 
the  real  constituents  of  the  oil  examined. 

Neither  flash  nor  fire  tests  are  of  major  importance 
to  the  consumer  because  the  real  volatility  of  oils,  as 
determined  by  distillation  under  high  vacuum,  gives  him 
a  true  measure  of  oil  economy  in  service. 

Cold  Test — ^The  cold  test  is  usually  applied  only  to 
lubricating  oil  fractions,  and  is  employed  by  the  refiner 
to  control  the  finishing  of  his  products.  It  is  of  im- 
portance to  the  consumer  in  determining  the  suitability 
of  oils  for  use  under  certain  climatic  conditions. 

Viscosity  Test — The  viscosity  of  his  products  is  of 
concern  to  the  oil  refiner  only  in  so  far  as  it  may  be 
required  to  meet  the  demands  of  the  consumer.  Through 
practical  experience  the  consumer  has  learned  what  the 
correct  viscosities  of  lubricants  should  be  for  different 
types  of  machinery. 

Color  Test — As  the  petroleum  industry  developed,  cer- 
tain products  were  gradually  accepted  as  standard  be- 
cause of  their  most  obvious  characteristic,  color.  It  has 
long  been  customary  to  include  i;he  color  value  of  an  oil 
as  a  necessary  marketing  requisite,  along  with  its  other 
properties.  The  refiner  takes  the  color  of  oils  into  con- 
sideration as  being  a  valuable  indication  of  their  uni- 
formity, it  being  also  a  check  on  correct  processing.  Al- 
though in  the  past  color  was  considered  as  an  indication 
of  purity,  it  has  been  demonstrated  beyond  any  doubt 
that  it  alone  means  nothing  in  service  to  the  ultimate 
user. 
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The  unusually  rapid  development  of  aviation  engines, 
and  their  importance  for  war  purposes,  have  been  the 
direct  causes  for  further  investigation  and  the  carrying 
out  of  intensive  study  of  the  relative  qualities,  special 
and  otherwise,  of  all  available  lubricating  oils  in  the 
American  market  intended  for  use  in  automobile,  truck 
and  aircraft  engines.  In  continuing  this  study,  naturally, 
due  consideration  was  given  to  routine  oil  testing  as  now 
made  by  oil  refiners.  Of  these  tests,  gravity,  flash,  fire 
and  color  were  soon  eliminated  as  being  non-essential, 
because  they  gave  no  decisive  indication  of  the  decom- 
position of  an  gil  when  exposed  to  heat.  The  viscosity, 
cold  test,  volatility,  susceptibility  to  oxidation,  and  emul- 
sifying properties  were  substituted  as  being  the  only 
tests  actually  required.  These  five  tests  have  been  found 
to  prescribe  comptetely  and  accurately  the  stability  and 
suitability  of  lubricants  for  the  above-mentioned  engines. 

Recommended  Lubricating  Oil  Specifications 

The  following  specifications,  which  are  recommended 
by  the  author  for  lubricating  oils  to  be  used  in  internal- 
combustion  engines,  are  based  on  the  five  tests  determined 
to  be  essential.  In  order  to  put  them  into  force  it  would 
be  absolutely  necessary  to  standardize  the  apparatus  used 
in  the  determination  of  all  the  properties  indicated.  This 
also  applies  to  the  standardization  of  petroleum  ether. 
Given  below  are  a  description  of  this  apparatus  and  the 
specifications  of  the  petroleum  ether,  both  of  which  are 
recommended  for  standardization. 

The  nomenclature  used  for  designating  the  specifica- 
tions is  as  follows:  Aircraft  engine  oils,  A.  E.  0.;  auto- 
mobile and  truck  engine  oils,  A.  T.  0. ;  and  Knight  sleeve- 
valve  engine  oils,  K.  S.  V.  0.  The  air-cooled  motorcycle 
engine  oils  are  not  given  a  separate  designation,  since 
the  oils  specified  for  other  duty  can  be  used. 

AIRgRAFT  ENGINES 

A.  E.  0.  No.  1  iHigh  Altitude  or  Low  Altitude  Winter) 
1  Viscosity  at  212  deg.  fahr.,  seconds. 58  to  70;  desired  65 
3  Cold  test Maximum  40  deg.  fahr. 

3  Boiling-point  range. 

Maximum  4  per  cent  under  300  deg.  cent. 

4  Oxidation Insolubles,  maximum  0.20  per  cent 

Evaporated  loss,  maximum  40  per  cent 

5  Emulsion Maximum  trace 
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A.  E.  0.  No.  2  {L(yio  Altitude  Summer) 

1  Viscosity  at  212  deg.  fahr.,  seconds. 80  to  90;  desired  85 

2  Cold  test Maximum  45  deg.  fahr. 

3  Boiling-point  range, 

Maximum  4  per  cent  under  300  deg.  cent. 

4  Oxidation Insolubles,  maximum  0.20  per  cent 

Evaporation  loss,  maximum  40  per  cent 

5  Emulsion Maximum  trace 

AUTOMOBILE  AND   TRUCK   ENGINES 

A.  T.  O.  No.  1  {Summer). 

1  Viscosity  at  212  deg.  fahr.,  seconds. 52  to  60;  desired  55 

2  Cold  test maximum  35  deg.  fahr. 

8  Boiling-point  range, 

Maximum  30  per  cent  under  300  deg.  cent. 

4  Oxidation Insolubles,  maximum  0.80  per  cent 

Evaporation  loss,  maximum  40  per  cent 

5  Emulsion Maximum  trace 

A.  T.  0.  No.  2  (Winter) 

1  Viscosity  at  212  deg.  fahr.,  seconds. 45  to  50;  desired  48 

2  Cold  test Maximum  30  deg.  fahr. 

8  Boiling-point  range, 

Maximum  80  per  cent  under  800  deg.  cent 

4  Oxidation Insolubles,  maximum  0.80  per  cent 

Evaporation  loss^  maximum  50  per  cent 

5  Emulsion Maximum  trace 

KNIGHT  SLEEVE-VALVE  OIL 

K.  S.  V.  O.  (Summer)' 

1  Viscosity  at  212  deg.  fahr.,  sec.  100  to  120;  desired  115 

2  Cold  test Maximum  52  deg.  fahr. 

8  Boiling-point  range. 

Maximum  8  per  cent  under  800  deg.  cent 

4  Oxidation Insolubles,  maximum  0.20  per  cent 

Evaporation  loss,-  maximum  80  per  cent 

5  Emulsion Maximum  trace 

Winter,  use  A.  E.  O.  No.  2 

AIR-COOLED  MOTORCYCLE  ENGINES 

Winter — One  and  two-cylinder  types,  use  A.  E.  0.  No.  2 

Four-cylinder  types,  use  A.  T.  0.  No.  1 
Summer — One  and  two-cylinder  types,  use  K.  S.  V.  0. 
Four-cylinder  types,  use  A.  E.  0.  No.  2 
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I  Viscosity 

It  will  be  necessary  to  determine  only  the  viscosity  at 
212  deg.  fahr.  For  the  purposes  of  a  more  thorough 
investigation  the  rate  of  fall  of  viscosity  between  low 
and  high  temperatures,  three  points  may  be  found:  100, 
150  and  212  deg.  fahr. 

Care  should  be  exercised  in  maintaining  the  tempera- 
ture of  the  oil  being  run  at  212  deg.  fahr. 

The  instrument  used  will  be  a  standard  Saybolt  uni- 
versal viscosimeter. 

Limit  of  error  plus  or  minus  one  second. 

II  Cold  Test 

The  cold-test  box  (18  by  18  by  14  in.  high)  is  filled 
about  three-quarters  full  with  ice  and  salt  mixture  (about 
10  to  1  by  volume) .  Copper  cylinders  9  in.  high,  and  hav- 
ing an  inside  diameter  of  2  in.,  are  inserted  in  this  mix- 
ture so  that  the  tops  of  the  cylinders  are  about  level  with 
the  surface  of  the  ice  and  salt  mixture.  Regular  4-oz. 
oil  sample  bottles  and*  approximately  5-in.  immersion, 
cold-test  thermometers,  having  a  range  of  from  20  to  140 
deg.  fahr.,  complete  the  equipment.  The  procedure  of 
test  is  as  follows : . 

A  sample  bottle  is  filled  about  one-third  full  of  oil,  and 
a  cork  carrying  the  thermometer  is  inserted  in  the  neck  of 
the  bottle  so  that  the  bulb  of  the  thermometer  is  im- 
mersed in  the  oil.  The  sample  is  then  placed  in  one  of 
the  copper  cylinders.  The  bottle  should  not  be  allowed 
to  come  in  contact  with  the  bottom  of  the  tube,  a  thin 
section  of  cork  being  interposed  between  the  two.  The 
temperature  of  the  oil,  as  shown  by  the  thermometer,  is 
carefully  observed,  and  at  each  drop  of  2%  deg.  fahr. 
the  sample  is  removed  and  examined.  The  temperature 
at  which  the  oil  just  refuses  to  flow  when  the  bottle  is 
held  in  a  horizontal  position  is  taken  as  the  cold  test. 

The  above  method  is  for  oils  having  a  cold  test  under 
40  deg.  fahr.  Those  having  cold  tests  above  this  point 
are  tested  as  follows: 

The  point  at  which  the  oil  just  refuses  to  flow  is  ob- 
tained in  exactly  the^ame  manner  as  described  above,  and 
the  oil  is  then  chilled  20  deg.  fahr.  below  this  point.  The 
sample  is  then  removed  and  placed  in  water  which  is 
kept  just  5  deg.  warmer  than  the  oil,  as  shown  by  the 
thermometer  in  the  bottle.  The  sample  is  tested  at  each 
2%  deg.  fahr.  increase  in  temperature,  and  the  tem- 
perature at  which  the  oil  will  flow  evenly  across  the  bottle 
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when  it  is  held  in  a  horizontal  position  is  called  the  cold 
test. 

The  limit  of  error  is  plus  or  minus  2  deg.  f  ahr. 

Annapolis  Pour  Test — ^The  procedure  is  exactly  the 
same  as  that  given  above  for  oils  under  40  deg.  f ahr.  cold 
test,  except  that  5  deg.  f ahr.  are  added  to  the  point  ob- 
served as  cold  test  and  reported  as  pour  test. 
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The  above  method  is  used  for  all  oils  except  black  oils. 
The  cold  test  for  black  oils  is  taken  at  the  Annapolis 
Experimental  Station  as  follows: 

The  oil  is  chilled  by  exactly  the  same  procedure  as 
above;  when  the  oil  just  refuses  to  flow  th9  aample  is 
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removed,  the  bottle  held  horizontally,  and  the  oil  stirred 
with  the  thermometer.  The  temperature  when  the  oil 
flows  freely  is  recorded  as  the  pour  test. 

A.  S.  T.  M.  Pour  Test— The  method  specified  by  the 
A.  S.  T.  M.  is  exactly  the  same  as  that  used  at  the  Annap- 
olis Station,  except  that  the  sample  should  be  removed  and 
tested  for  every  6  deg.  drop  in  temperature,  instead  of 
2^  deg.  fahr.,  as  used  at  Annapolis.  The  difference 
between  the  A.  S.  T.  H.  and  Annapolis  methods  is  about 
2  deg.,  and  generally  the  Annapolis  method  will  give  the 
higher  test. 

Ill  BoiLiNG-PoiNT  Range  (Vacuum  Distillation) 

The  apparatus  for  making  this  test  consists  of  a  special 
steel  still  and  vapor  tower,  a  special  water-K^ooled  con- 
denser and  a  chamber  for  the  distillate  receivers.  The 
position  of  these  receivers  can  be  adjusted  from  the  out- 
side without  alteration  of  the  pressure  in  the  distillation 
system.  The  distillation  system  is  connected  with  a 
pump  capable  of  maintaining  a  vacuum  of  2V^  mm.  abso- 
lute and  having  a  capacity  of  6  cu.  ft.  per  minute. 

The  still  is  charged  with  2000  cc.  of  the  oil  under 
examination.  The  standard  vacuum,  40  to  50  mm.  abso- 
lute, is  established  throughout  the  closed  system,  and 
heat  applied  to  the  bottom  of  the  still.  For  the  purpose 
of  the  specification  it  will  be  necessary  to  carry  the  distil- 
lation only  to  the  point  at  which  the  still  temperature 
has  reached  300  deg.  cent.  (572  deg.  fahr.).  The  per- 
centage of  distillate  up  to  300  deg.  cent,  has  been  arbi- 
trarily taken  as  a  basis  for  judging  the  relative  volatility 
of  different  lubricating  oils.  However,  for  the  ultimate 
analysis  of  finished  lubricating  oils,  the  distillation  may 
be  continued  up  to  the  point  where  nine-tenths  of  the 
total  charge  will  have  passed  over,  the  rest  being  allowed 
to  remain  in  the  still,  and  estimated  as  residual. 

The  fractionation  of  finished  lubricating  oils  under 
high  vacuum  is  a  satisfactory  way  of  determining 
boiling-point  limits  with  the  least  decomposition.  The 
quantity  of  low-boiling-point  fraction  varies  widely  in 
lubricating  oils  intended  for  use  in  different  types  of 
internal-combustion  engines.  All  engines  that  operate 
under  approximately  full  load  and  at  high  temperatures 
(aviation  engines)  should  contain  a  minimum  quantity 
of  low-boiling-point  fractions,  say  4  per  cent  distilling 
under  800  deg.  cent.  The  results  obtained  by  actual 
tests  in  aircraft  engines  clearly  demonstrate  this  point. 
On  the  other  hand,  passing  from  such  conditions  of  high 
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operating  temperatures  to  those  of  widely  varying  and 
comparatively  low  operating  temperatures  (passenger 
cars  and  trucks) ,  it  is  necessary  to  increase  materially 
the  quantity  of  low-boiling-point  fractions  to  prevent 
serious  carbonization.  There  is  a  limit,  however,  to  the 
addition  of  low-boiling-point  fractions,  for  the  reason 
that  too  large  a*  quantity  will  greatly  increase  the  spe- 
cific consumption  of  the  lubricant  in  service;  hence  some 


Oxidation  Ovkn  of  Modified  Watbrs-Ttpb 

mean  value  must  be  fixed  upon,  a  permissible  balance 
being  struck  between  carbonization  and  high  consump- 
tion. An  analysis  of  the  most  successful  automobile 
oils  now  sold  shows  that  not  over  30  per  cent  of  the  oil 
should  distill  below  800  deg.  cent,  in  the  vacuum  distilla- 
tion apparatus  described.  This  volatility  is  a  guarantee 
of  a  reasonably  low  specific  consumption,  good  lubrication 
and  minimum  carbonization  within  the  explosion  cbain- 
bers. 


Digitized  by  VjOOQIC 


standardized  specifications  fob  lubricating  oils   521 

Oxidation  Test 

The  apparatus  for  making  the  oxidation  test  consists 
of  a  cubical  box  constructed  of  heat-insulating  material. 
Through  the  vertical  axis  of  this  box  passes  a  shaft,  at 
the  center  of  which  is  attached  a  disk  of  about  11  in. 
diameter.  This  disk  and  shaft  are  rotated  at  a  speed  of 
25  r.p.m.  The  containers  for  oil  samples  are  steel  cups 
cut  from  the  solid,  50  mm.  inside  diameter,  plus  or  minus 
0.04  mm.;  and  50  mm.  high,  plus  or  minus  0.4  mm.  The 
cup  wall  is  1  mm.  thick.  The  oven  is  electrically  heated 
by  resistance  coils,  and  the  temperature  is  maintained 
constant  and  regulated  by  a  thermostat.  Air  circulation 
is  provided  through  holes  in  the  bottom  of  the  sides  of 
the  oven  and  through  the  top.  The  determinations  made 
in  this  oven  are: 

1  Evaporation  loss. 

2  Petroleum  ether  insolubles. 

3  Varnish. 

Fifty  grams  of  the  oil  are  weighed  into  the  cups,  and 
these  are  placed  at  equal  distances  on  the  outer  edge  of 
the  rotary  disk.  The  temperature  is  brought  to  225  deg. 
cent.,  and  the  test  is  continued  at  this  uniform  temper- 
ature for  twelve  hours,  in  two  periods  of  six  hours.  The 
samples  are  then  removed  and  allowed  to  cool,  weighed, 
and  the  loss  in  weight  (per  cent)  recorded  as  evaporation 
loss.  The  contents  of  the  cups  are  then  washed  through 
a  Gooch  crucible  with  standardized  petroleum  ether  (see 
below)  until  the  filtrate  is  colorless.  From  the  crucibles 
on  which  remain  the  insoluble  residue  the  petroleum  ether 
is  allowed  to  evaporate,  after  which  they  are  introduced 
into  a  Freas  oven  and  thoroughly  dried  at  a  temperature 
of  105  deg.  cent.  The  weight  of  the  residue  is  then 
determined  and  the  percentage  recorded  as  petroleum 
ether  insolubles. 

When  tlie  metal  cups  have  been  thoroughly  washed 
with  petroleum  ether  there  still  remains  a  varnishlike 
residue,  which  clings  to  the  upper  walls.  The  weight  of 
this  substance  is  determined  and  recorded  as  varnish. 

The  real  significance  of  varnish  values  has  not  been 
clearly  established  up  to  the  present.  Poorly  refined  oils, 
however,  as  well  as  those  from  some  mid-continent  and 
from  California  crudes,  usually  show  high  varnish  values. 

The  maximum  variation  of  checked  results  on  evapora- 
tion loss  and  petroleum  ether  insolubles  should  not  exceed 
2  per  cent. 
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It  has  been  found  that  the  evaporation  loss  of  an  oil 
does  not  always  coincide  with  its  boiling-point  range; 
therefore,  it  seems  permissible  to  conclude  that  the  evap- 
oration loss  is  a  measure  of  the  decomposition  of  an  oil, 


•  m/T  Cotlfl  L0*2I,  mA/foy(Driv9r-mrnsJ  5  Coifs  -50  Ft.  each 
Cross-Section  of  Oxidation  Oven 


as  well  as  of  its  volatility.  In  judging  oils  it  is  im- 
portant to  observe  carefully  the  relation  between  the 
boiling-point  range  and  the  evaporation  loss.  For  exam- 
ple, an  oil  may  have  a  high  boiling-point  range,  and  yet, 
owing  to  its  instability,  may  readily  decompose  when 
exposed  to  heat,  and  thus  show  a  high  evaporation  loss. 

The  petroleum  ether  insolubles  indicate,  on  the  one 
hand,  the  solid  carbonaceous  matter  formed  in  an  oil, 
which  splits  up  when  exposed  to  heat  into  light  volatile 
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ends  and  solid  products.  On  the  other  hand,  these  insola- 
bles  may  indicate  the  precipitation  of  colloidal  carbon  or 
other  products  in  improperly  refined  oils.  Values  of  pe- 
troleum ether  insolubles  may  be  entirely  independent  of 
those  of  boiling-point  range  or  evaporation  loss. 


RscnvKR  FOR  Distillation   Apparatus 
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Standardized  Petroleum  Ether 

For  the  determinations  of  petroleum  ether  insolubles 
it  is  imperative  that  a  standardized  petroleum  ether  be 
employed,  such  as  the  following: 

Petroleum  ether  should  be  made  from  steam-stilled 
Prime  City  naphtha  from  Pennsylvania  crude,  which  has 
the  following  properties : 

Gravity,  deg.  Baum6,  72  to  76. 

Initial  boiling  point,  deg.  fahr.,  110  to  122. 

Final  boiling  point,  deg.  fahr.,  not  over  270. 

Petroleum  ether  should  conform  to  the  following  specifi- 
cations : 

Gravity,  deg.  Baum6,  77  to  80  (the  matter  of  gravity 
is  unimportant). 

Initial  boiling  point,  deg.  fahr.,  110  to  120. 

Final  boiling  point,  deg.  fahr.,  220  to  245. 

Unsaturated  content  not  over  4  per  cent  by  absorption 
in  sulphuric  acid  (Bureau  of  Mines  method). 

The  Saybolt  distillation  method  applies  to  both  of  the 
above  boiling  point  ranges. 

V  Emulsion  Tests 

In  making  emulsion  tests  the  simple  apparatus  de- 
scribed below  gives  excellent  check  results. 

The  apparatus  consists  of  a  Coles  milk  shaker  slightly 
altered  to  receive  two  4-oz.  oil  sample  bottles.  The  shaker 
is  operated  at  a  speed  of  600  r.p.m.,  and  has  a  2-in.  stroke. 

About  l^^  in.  of  oil  and  an  equal  quantity  of  distilled 
water  is  poured  into  the  bottles,  which  are  then  corked 
and  placed  in  the  machine.  These  are  shaken  for  half  an 
hour,  after  which  they  are  removed  and  allowed  to  stand 
at  room  temperature  for  24  hours.  The  amount  of  un- 
separated  oil  is  then  determined  and  recorded  as  emul- 
sion. 

The  above  method  applies  only  to  oils  having  a  viscosity 
not  exceeding  50  sec.  at  212  deg.  fahr.  When  the  vis- 
cosity exceeds  this  figure  the  oil  should  be  blended  with 
50  per  cent  of  standardized  petroleum  ether  before  shak- 
ing. 

For  the  purpose  of  the  specification  the  emulsion  value 
of  an  oil  can  be  considered  as  a  quantitative  test  for 
"sulpho"  compounds. 
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